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BASIN  DESCRIPTION 
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Between  the  crests  of  the  Cascade  and  Coast  Ranges  in  northwestern  Oregon  lies 
an  area  of  12,045  square  miles  drained  by  Willamette  and  Sandy  Rivers — the  Willamette 
Basin.  Both  Willamette  and  Sandy  Rivers  are  part  of  the  Columbia  River  system,  each 
lying  south  of  lower  Columbia  River. 

With  a 1965  population  of  1.34  million,  the  basin  accounted  for  68  percent  of 
the  population  of  the  State  of  Oregon.  The  State's  largest  cities,  Portland,  Salem, 
and  Eugene,  are  within  the  basin  boundaries.  Forty-one  percent  of  Oregon’s  popula- 
tion is  concentrated  in  the  lower  basin  subarea,  which  includes  the  Portland  metro- 
politan area. 

The  basin  is  roughly  rectangular,  with  a north-south  dimension  of  about  150  miles 
and  an  average  width  of  75  miles.  It  is  bounded  on  the  east  by  the  Cascade  Range,  on 
the  south  by  the  Calapooya  Mountains,  and  on  the  west  bv  the  Coast  Range.  Columbia 
River,  from  Bonneville  Dam  to  St.  Helens,  forms  a nortliern  boundary.  Elevations  range 
from  less  than  10  feet  (mean  sea  level)  along  the  Columbia,  to  450  feet  on  the  valley 
floor  at  Eugene,  and  over  10,000  feet  in  the  Cascade  Range.  The  Coast  Range  attains 
eleva..lons  of  slightly  over  4,000  feet. 

Tlie  Willamette  Valley  floor,  about  30  miles  wide,  is  approximatelv  3,500  square 
miles  in  extent  and  lies  below  an  elevation  of  500  feet.  It  is  nearly  level  in  many 
places,  gently  rolling  in  others,  and  broken  by  several  groups  of  hills  and  scattered 
but  tes . 

Willamette  River  forms  at  the  confluence  of  its  Coast  and  Middle  Forks  near 
Springfield.  It  has  a total  length  of  approximatelv  187  miles,  and  in  its  upper  133 
miles  flows  northward  in  a braided,  meandering  channel.  Through  most  of  the  remaining 
54  miles,  it  flows  between  higher  and  more  v;ell  defined  banks  unhindered  by  falls  or 
rapids,  except  for  Willamette  Falls  at  Oregon  Cllv.  The  stretch  below  the  falls  is 
subject  to  ocean  tidal  effects  which  are  transmitted  through  Columbia  River. 

Most  of  the  major  tributaries  of  Willamette  River  rise  in  the  Cascade  Range  at 
elevations  of  6,000  feet  or  higher  and  enter  the  main  stream  from  the  east.  Coast 
Fork  Willamette  River  rises  in  the  Calaooova  Mountains,  and  numerous  smaller  tribu- 
taries rising  in  the  Coast  Range  enter  the  main  stream  from  the  west. 

In  this  study,  the  basin  is  divided  into  three  major  sections,  referred  to  as 
the  Upper,  Middle,  and  Lower  Subareas  (see  map  opposite).  The  Upper  Subarea  is 
bounded  on  the  south  by  the  Calapooya  Mountains  and  on  the  north  by  the  divide  between 
the  McKenzie  River  drainage  and  the  Calapooia  and  Santiam  drainages  east  of  the  valley 
floor  and  by  the  Long  Tom-Marys  River  divide  west  of  it.  The  Middle  Subarea  includes 
all  lands  which  drain  into  Willamette  River  between  the  mouth  of  Long  Tom  River  and 
Fish  Eddy,  a point  three  miles  below  the  mouth  of  Molalla  River.  ITie  Lower  Subarea 
includes  all  lands  which  drain  either  into  Willamette  River  from  Fish  Eddv  to  its 
mouth  or  directly  into  Columbia  River  between  Bonneville  and  St.  Helens;  Sandy  River 
is  the  only  major  basin  stream  whicli  does  not  drain  directly  Into  the  Willamette. 

For  detailed  studv,  the  three  subareas  are  further  divided  into  11  subbasins 
as  sluwn  on  the  map. 
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PURPOSK  AND  SCOPF 


1 

The  purpose  of  this  Appendix  Is  to  show  the  present  power  needs  and 
existlnp  generatlnp,  caparlty  in  the  Willamette  Basin,  to  determine  fu- 
ture power  needs,  to  identify  potential  prolects  in  the  basin  which 
could  he  developed  for  power  generation,  and  to  evaluate  potential 
projects  as  to  their  utility  for  power  development.  The  power  poten- 
tials within  the  basin  are  presented  from  a single-purpose  viewpoint  to 
determine  the  maximum  extent  to  which  the  water  resource  could  be  de- 
veloped for  power  generation. 

Power  requirements,  load  characteristics,  interconnections,  and 
power-source  potentials  are  projected  to  the  years  1980,  2000,  and  2020. 
These  projections  are  the  basis  for  planning  long-range,  comprehensive 
water  resource  development.  The  1980  estimates  provide  the  basis  for 
development  of  a plan  to  meet  early  power  needs  of  the  basin.  The 
longer-term  appraisals  are  more  conjectural  and  tentative. 

A brief  "Glossary  of  Power  and  Rate  Terms,"  as  used  thwughout  this 
study,  is  Included  at  the  end  of  this  Appendix,  \ 


RELATIONSHIP  TO  OTHER 
PARTS  OF  REPORT 

This  Appendix  draws  upon  data  contained  in  the  three  supporting 
appendlces~A  - Study  Area,  B - Hydrology,  and  C - Economic  Base.  It 
is  related  more  specifically  to  some  of  the  functional  appendices,  and 
data  developed  in  this  and  other  appendices  are  used  interchangeably  as 
required.  Power  is  closely  related  to  irrigation  because  it  is  used  to 
operate  irrigation  pumps  during  the  summer  months  (Appendix  F - Irri- 
gation). Power  directly  affects  forest  management  because  of  the  need 
for  transmission  line  corridors  (Appendix  G - Land  Measures  and  Water- 
shed Protection)  and  land  use  for  power  sites.  Also,  thermal  generating 
plants  may  have  an  impact  on  the  water  temperature  of  streams  on  which 
they  are  located  (Appendix  L - Water  Pollution  Control.) 

This  Appendix  provides  the  background  for  the  power  presentation 
in  Appendix  M and  the  main  report.  The  relationship  of  power  to  all 
the  other  functions  of  multipurpose  water  resource  development  is 
covered  in  detail  in  Appendix  M - Plan  Formulation. 


HISTORY 


Use  of  water  for  power  in  the  Willamette  Basin  was  Introduced  by 
the  early  Oregon  settlers.  The  first  water-power  development  was  under- 
taken about  1838  by  Dr,  John  McLaughlin,  who  erected  a sawmill  which 
used  a water  wheel  for  power  on  Abernethy  Island  at  Oregon  City.  In 
subsequent  years,  enterprises  using  the  power  of  falling  water  at  Wil- 
lamette Falls  were  established.  Those  firms  constructed  low-head  timber 
dams  and  flumes  to  divert  sufficient  water  to  drive  their  rather  crude 
wooden  water  wheels.  The  first  water-driven  turbine  In  Oregon  was  In- 
stalled on  Silver  Creek  near  Sllverton  In  1850.  Thereafter,  water  was 
developed  for  power  In  many  new  settlements. 
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The  first  generation  of  hydroelectric  power  In  the  basin,  by  the 
Oregon  City  Electric  Company,  took  place  In  1888;  a plant  was  built  at 
Willamette  Falls  to  supply  electric  energy  to  Portland  and  Oregon  City. 
In  1889,  a new  plant  was  put  Into  operation  by  Willamette  Falls  Electric 
Company,  which  transmitted  power  to  Portland  In  the  form  of  direct  cur- 
rent for  street  lighting.  Alternating-current  generators  were  Installed 
In  that  plant  early  In  1890.  The  first  long-distance  transmission  of 
alternating-current  power  In  the  United  States  was  made  from  that  plant 
to  Portland  that  year. 

Late  In  1895,  three  450-kllowatt  generators  went  into  service  at 
Willamette  Falls,  This  was  the  first  stage  of  construction  of  a new 
powerhouse  (the  present  T,  W.  Sullivan  Plant)  built  by  Portland  General 
Electric  Company.  During  those  early  years,  several  companies  were 
developing  water  power  for  paper-making  purposes.  Water  wheels  were 
installed  to  drive  pulp  grinders  and  other  machinery  and  to  produce 
electric  power  for  consumption  on  the  premises;  these  forms  of  hydraulic 
power  are  still  being  used  by  the  present  companies — Crowii  Eellerbach 
Corporation  and  Publishers  Paper  Company, 
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Photo  I-U 


Plante  Usino  Waterpoiier  at  Willamette  Falla , 
Oregon  City  (Craun  Zellerhnoh  Photo), 
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Following  the  initial  start  at  Willamette  Falls,  hydroelectric 
power  was  developed  on  other  streams  in  the  basin.  Portland  General 
Electric  Company  constructed  Faraday  In  1907  and  River  Mill  In  1911  on 
the  Clackamas  River,  and  Bull  Run  on  the  Bull  Run  River  in  1912.  In 
1911,  the  City  of  Eugene  built  Waltervllle  on  the  McKenzie  River.  Those 
plants  are  still  in  operation  today,  although  numerous  changes,  altera- 
tions, and  improvements  have  been  made  through  the  years.  In  192^i, 
Portland  General  Electric  Company  constructed  Oak  Grove  on  the  Clackamas 
River,  and  in  1929  the  City  of  Eugene  built  Leaburg  on  the  McKenzie 
River. 

Some  of  the  earlier  major  hydroelectric  developments  in  the  basin 
are  tabulated  below: 


Table  I-l 

Early  Hydroelectric  Pauer  Development 


Name  of 
Proj ect 

Present 

Owner 

River 

Initial 

Capacity 

Initial  Date 
in  Service 

Sullivan 

PGE 

Willamette 

1,350 

KW 

1895 

Faraday 

PGE 

Clackamas 

7,500 

KW 

1907 

River  Mill 

PGE 

Clackamas 

6,600 

KW 

1911 

Waltervllle 

City  of  Eugene 

McKenzie 

1,128 

KW 

1911 

Bull  Run 

PGE 

Bull  Run 

11,250 

KW 

1912 

Oak  Grove 

PGE 

Clack amas 

25,500 

KW 

1924 

Leaburg 

City  of  Eugene 

McKenzie 

6,000 

KW 

1929 

Westfir 

Westfir  Lumber 

N.Fk. Willamette 

1,950 

KW 

PGE:  Portland  General  Electric  Company 
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Photo  1-2.  Detroit  Dam,  Horth  Santiam  River  (USCE  Photo) 


No  major  hydro  power  development  took  place  In  the  Willamette  River 
Basin  for  the  next  20  years.  In  1953,  Detroit  Dam  on  the  North  Santlam 
River,  the  first  of  the  Corps  of  Engineers  projects  with  generating 
facilities,  was  put  Into  service.  In  the  following  years,  seven  more 
Corps  of  Engineers  projects  and  several  nonfederal  projects  with  genera- 
ting facilities  were  built  In  the  basin. 

The  development  of  thermal-electric  power  In  the  Willamette  Basin 
has  been  slow  due  to  the  abundance  of  low-cost  hydropower  In  the  Pacific 
Northwest  and  the  high  cost  of  fuel-electric  plants.  During  the  early 
stages  of  power  development,  prior  to  the  transmission  network  of  today, 
a number  of  steam  plants  were  built  to  serve  particular  load  centers. 

The  following  tabulation  lists  some  of  the  older  steam  plants  and  the 
McMinnville  Internal  combustion  plant: 


Table  1-2 

Early  Steam  and  Internal  Combuetion  Plante 


Name  of 
Proj  ect 

Present 

Owner 

Location 

Initial 

Capacity 

Initial  Date 
In  Service 

Station  "E" 

PGE 

Portland 

2,000  KW 

1904  Ret. 

Springfield 

PP&L 

Springfield 

800  KW 

1906 

Station  "H" 

PGE 

Salem 

1,000  KW 

1906  Ret. 

Station  "L" 

PGE 

Portland 

2,000  KW 

1910 

Station  "N" 

PGE 

Portland 

2,500  KW 

1911  Ret. 

Plttock 

PP&L 

Portland 

7,000  KW 

1914  Ret. 

Lincoln 

PP&L 

Portland 

7,500  KW 

1919 

Willamette  Valley 

Willamette  Val. 

Lumber  Company 

Lumber  Co. 

Dallas 

5,250  KW 

1920 

McMinnville 

City  of 

McMinnville 

McMinnville 

2,740  KW 

1926 

Eugene 

City  of  Eugene 

Eugene 

6,000  KW 

1931 

PGE  ! Portland  General  Electric  Company 
PP&L:  Pacific  Power  & Light  Company 
Ret.:  Retired, 


For  nearly  50  years  after  the  first  long-distance  transmission  line 
was  placed  in  service,  power  transmission  facilities  were  developed 
primarily  on  a local  needs  basis.  Generating  plants  were  generally 
located  near  the  load  centers,  and  only  sufficient  transmission  facili- 
ties were  constructed  to  deliver  power  to  these  centers.  In  the  late 
1930's,  Federal  high-voltage  (230,000-volt)  transmission  lines  were 
constructed  to  carry  Bonneville  and  Grand  Coulee  power  to  the  Portland 
and  Seattle  load  centers.  It  was  then  that  a regionally  Integrated 
transmission  and  distribution  system  began  to  develop.  A Federal 
115,000-volt  power  line  was  constructed  from  Portland  to  Eugene  by  1940. 
By  that  time,  Portland  General  Electric  Company  had  built  57,000-volt 
transmission  lines  and  distribution  lines  In  the  Willamette  Valley  north 
of  Salem.  Northwestern  Electric  Compsny  also  served  a part  of  the 
Portland  area.  Mountain  States  Power  Company  built  transmission  lines 
up  to  66,000  volts  to  serve  the  Willamette  Valley  south  of  Salem, 
California  Oregon  Power  Company  was  Interconnected  to  the  Willamette 


1-5 


transmission  grid  during  that  time.  The  transmission  facilities  of  the 
latter  three  companies  are  now  owned  and  operated  by  Pacific  Power  and 
Light  Company,  Today,  the  Willamette  Basin  has  a vast  network  of  trans 
mission  and  distribution  facilities. 


ras  Rivt^r  (FortlrmR  lensral  Eleatriej 


The  Willamette  Basin  differs  hydrologlcally  from  areas  east  of  the 
Cascade  Range,  where  most  of  the  region's  ma^or  hydroelectric  facilities 
are  located.  Fall  and  winter  storms  in  the  Basin  Increase  water  supplies 
and,  therefore,  power  generation,  at  a time  when  streamflows  In  the 
eastern  portion  of  the  region  are  normally  low.  Northwest  hydroelectric 
power  prolects  are  shown  on  Map  II-l. 

The  Willamette  Basin  is  strongly  dependent  upon  out-of-basln  sources 
for  electric  power.  The  Willamette  Basin  contains  less  than  5 percent 
of  the  Pacific  Northwest  region's  land  area  and  about  5 percent  of  Its 
installed  generating  plant  capacity.  However,  the  basin's  power  require- 
ments are  about  23  percent  of  the  regional  load.  Transmission  lines  in 
the  basin  are  Interconnected  with  the  rest  of  the  Pacific  Northwest  re- 
gional power  grid  and  power  flows  into  and  out  of  the  Willamette  Basin 
as  required.  Over  75  percent  of  the  present  power  supply  Is  Imported, 


Photo  II-l,  Celilo  D-C  Substation  Under  Conetmotion  - Part  of  Pacific 
Northbiest-Padfic  Southwest  Intertie  (USBPA  Photo), 


Other  power  market  areas,  Intertled  with  the  Pacific  Northwest 
Region,  can  use  surplus  Northwest  secondary  energy  and  peaking  capacity 
during  their  heavy  load  periods.  In  turn,  these  other  areas  can  pro- 
vide energy  during  their  minimum-load  periods  to  firm  up  some  of  the 
secondary  energy  generated  In  the  Northwest.  Construction  Is  already 
completed  on  part  of  the  Pacific  Northwest-Pacific  Southwest  Intertie, 
the  biggest  single  electrical  transmission  program  ever  undertaken  In 
the  United  States.  Other  interties,  such  as  a tie  with  the  Missouri 
Basin,  and  the  Central  sectors  of  the  United  States,  are  being  inves- 
tigated. 


POWER  REQUIREMENTS 


A large  portion  of  the  power  requirements  in  the  Middle  and  Upper 
Subareas  are  attributable  to  the  lumber  industry  and  its  supporting 
services.  Forest  products  are  supplied  for  use  throughout  the  world. 
Most  of  these  products  are  distributed  from  the  Port  of  Portland,  a 
major  West  Coast  seaport,  and  a terminal  for  rail  and  barge  traffic,  in 
the  Lower  Subarea.  The  largest  individual  industrial  power  users  in  the 
Basin  are  the  primary  metals  producers  near  Albany  and  Portland.  The 
Willamette  Basin  has  many  small  industries  and  commercial  enterprises. 
These  power  requireisents,  coupled  with  domestic  power  requirements  of 
the  heavily  populated  valley,  make  the  Willamette  Basin  one  of  the  major 
electrical  load  centers  in  the  Pacific  Northwest.  The  basin's  peak  load 
currently  amounts  to  some  3 million  kilowatts. 

industrial  use  by  about  1,000  customers  amounts  to  37  percent  of 
the  to>.al  load.  The  largest  user  group  (numerically)  is  the  400,000 
plus  domestic  customers  who  create  about  35  percent  of  the  basin's  total 
energy  requirements.  Coimercial  establishments  buy  nearly  18  percent, 
while  about  2 percent  is  used  for  irrigation  and  other  purposes.  Trans- 
mission and  distribution  losses  amount  to  about  8 percent. 

Details  of  electric  energy  sales  for  1965  are  shown  on  Table  Il-l. 


Table  II-l 


Electric  Energy  Sales 
Willamette  Basin  - 196S 

Customers 

Energy  (1,000 
kilowatt  hours) 

Percent 
of  Total 

Industrial 

1,034 

5,040,000 

37.0 

Domestic 

405,091 

4,801,000 

35.3 

Commercial 

52,395 

2,385,000 

17.5 

Irrigation  & Other 

6,303 

273,000 

2.0 

Loases 

1.119.000 

8.2 

Total 

464,823 

13,618,000 

100,0 

LOAD  CHARACTERISTICS 

Load  characteristics  of  the  Willamette  Basin  are  typical  of  those 
experienced  else«rhere  in  the  Pacific  Northwest.  That  is,  peak  loads 
occur  in  the  winter  months  when  daylight  is  short  and  when  electrical 
heating  accentuates  the  normal  Increase  in  power  usage.  The  summer 
loads  which  are  normally  lower  have  neither  the  high  irrigation  pumping 
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nor  the  heavy  alr-conditloning  loads  coitnon  In  other  areas  in  the  West. 
Therefore,  the  spread  between  winter  and  summer  loads  in  the  basin  is 
substantial;  load  requirements  in  1964  ranged  from  a minimum  of  l,67d 
megawatts  In  July  to  a peak  of  2,7^2  megawatts  in  December. 

The  basin's  peak  demands  are  dominated  by  domestic  and  light  in- 
dustry  requirements  rather  than  by  heavy  Industry.  For  other  than  the 
(above  described)  seasonal  fluctuations,  the  peak  requirements  of  the 
basin  are  relatively  stable. 

Load  factor~the  average  energy  requirement  divided  by  the  peak  de- 
mand In  the  same  period— is  an  indicator  of  load  characteristics  used 
throughout  the  pou'er  industry.  Willamette  Basin  load  factor  in  the  peak 
month  of  December  1964  was  63  percent,  whereas  the  load  factor  for  the 
year  was  approximately  52  percent.  The  yearly  load  factor  for  the 
Pacific  Northwest  as  a whole  Is  about  65  percent. 


POWER  SOURCES 

Total  Installed  generating  capacity  in  the  Willamette  Basin  Is 
about  938,000  kilowatts.  The  35  existing  hydroelectric  generating 
prolects  in  the  Willamette  Basin  have  a total  nameplate  rating  of  about 
718,000  kilowatts.  Authorized  additions  to  the  existing  Cougar  hydro- 
electric prolect  would  Increase  the  total  nameplate  rating  by  39,500 
kilowatts.  Additionally,  the  basin  has  23  thermal  power  plants,  with  a 
total  Installed  capacity  of  about  220,000  kilowatts. 

Over  half  of  the  basin’s  hydroelectric  generating  canaclty,  408,000 
kilowatts,  Is  Installed  at  eight  Corps  of  Engineers  multipurpose  projects. 
Public  agencies  built  five  hydroelectric  projects  with  about  112,000 
kilowatts  of  Installed  capacity;  the  City  of  Eugene  operates  four  of 
these.  A minor  amount  of  the  basin's  hydroelectric  power  is  generated 
at  industrial  firms  for  plant  use.  The  22  remaining  hydroelectric  pro- 
jects in  the  basin,  with  an  installed  capacity  of  198,000  kilowatts,  are 
owned  and  operated  by  private  entitles.  Hydroelectric  projects  in  the 
basin  range  in  size  from  Bumlce  Crewell's  three-kilowatt  plant  located 
on  Dobbins  Creek  in  the  South  Santlam  basin  to  the  Corps  of  Engineers 
120,000-kl lowatt  Lookout  Point  Powerplant  on  the  Middle  Fork  Willamette 
River.  Hydroelectric  and  thermal  power  plants  in  the  basin  are  pre- 
sented In  Tables  II-2  and  II-3,  respectively,  and  are  shown  on  Map  II-2. 

For  many  years,  power  generation  from  other  areas  of  the  Pacific  North- 
west has  been  used  to  make  up  the  difference  between  Willamette  Basin 
power  needs  and  generation  within  the  basin.  As  mentioned  before,  over 
three-fourths  of  the  basin's  power  supply  was  imported  In  fiscal  year 
1P69,  This  power  was  imported  by  Bonneville  Power  Administration, 

Pacific  Power  and  Light  Company,  and  Portland  General  Electric  Company. 

Although  generating  facilities  within  the  basin  are  under  diverse 
ownerships,  their  operation  Is  coordinated  hydraulically  and  electri- 
cal Iv  with  other  utilities  of  the  area  to  obtain  the  most  effective 
utilization  of  water  resources  and  electric  rower  facilities. 
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A number  of  electric  utilities,  both  private  and  public,  distribute 
power  in  the  Willamette  Basin.  Six  cities  are  served  by  municipal 
systems!  Forest  Grove,  Canbv,  McMinnville,  Monmouth,  Eugene,  and  Spring- 
field.  Salem  is  served  bv  Portland  General  Electric  Company  and  a coop- 
erative, Salem  Electric,  Portland  is  served  lolntly  by  two  private 
utilities,  Portland  General  Electric  Company  and  Pacific  Power  and  Light 
Company.  Portland  General  Electric  also  serves  most  of  the  rest  of  the 
Lower  Subarea  of  the  basin.  Pacific  Power  and  Light  serves  much  of  the 
more  intensively  developed  portions  of  the  Upper  and  Middle  Subareas. 

Lane  County  and  Blachly-Lane  County  Cooperatives  serve  rural  areas  in 
the  upper  basin.  Consumers  Power  Company,  a cooperative,  serves  rural 
areas  in  the  Middle  Subarea,  In  addition.  West  Oregon  Electric  Co-op 
serves  a small  area  on  the  western  edge  of  the  lower  basin. 

The  Willamette  Basin  transmission  system  is  an  integral  part  of 
the  Pacific  Northwest  interconnected  regional  transmission  grid.  The 
degree  of  integration  is  illustrated  on  Map  IV-3,  which  shows  the  high 
voltage  grid  as  of  January  1970  in  green  and  a projected  system  for 
possible  development  by  1990  in  red.  Generating  facilities  in  the 
Willamette  Basin  are  Interconnected  with  those  throughout  the  Pacific 
Northwest  by  this  regional  transmission  grid.  This  vast  network  permits 
PGE  to  Import  power  from  its  plants  in  the  Deschutes  River  Basin. 

Pacific  Power  and  Light  is  able  to  Import  power  from  its  Lewis  River 
generating  complex  to  the  north  of  Willamette  Basin  and  its  Umpqua  River 
generating  plants  to  the  south.  Major  BPA  lines  traversing  the  basin 
transmit  power  from  powerplants  throughout  the  Pacific  Northwest  to  the 
Portland,  Salem,  and  Eugene  load  centers.  The  exchange  of  oower  through 
these  transmission  facilities  also  permits  the  use  of  Willamette  Basin 
power  anywhere  in  the  Pacific  Northwest.  However,  power  requirements 
in  the  basin  normally  preclude  the  use  of  basin  resources  to  serve  out- 
of-basin  power  markets.  Major  Willamette  Basin  transmission  facilities 
as  of  December  31,  1968,  are  shown  on  Map  II-3. 
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PROBLEMS 

The  largest  portion  of  electric  power  used  In  the  Willamette  Basin 
Is  Imported  from  the  generating  complex  of  the  Pacific  Northwest  via 
the  area  electric  power  transmission  grid.  Present  power  requirements 
of  the  hasln  are  being  met  adequately.  Rlghta-of-way  for  transmission 
lines  to  bring  the  necessary  amounts  of  electric  power  Into  the  basin 
are  becoming  crcvded.  Planners  for  new  lines  seek  routes  to  avoid  wil- 
derness areas,  recognize  restrictions  for  recreation  and  other  compet- 
ing land  uses  and  consider  alternatives  to  new  rlghts-of-way  through 
highly  developed  areas  where  the  most  power  Is  actually  used. 

The  principal  problems  In  hydroelectric  power  generation  result 
from  conflicting  requirements  on  reservoir  storage  for  non-power  pur- 
poses. Increasing  demands  for  recreational  areas  have  developed  con- 
flicts with  prior  planned  conservation  releases  from  multipurpose  res- 
ervoirs. At  the  present,  reservoir  releases  for  flood  control.  Irriga- 
tion, fisheries,  and  water  quality  usually  can  be  effectively  used  for 
power  generation  but  conflict  with  recreational  uses  of  the  reservoir. 
However,  during  the  winter  when  storage  levels  must  be  held  down  to 
provide  flood  control  space,  power  generation  is  reduced  due  to  the 
lower  head.  One  of  the  major  needs  of  the  area  Is  for  the  development 
of  additional  multipurpose  storage  and  the  equitable  allocation  of  its 
uses  to  Che  various  needs.  Each  function  should  bear  project  costs 
proportionate  to  benefits  derived. 


Photo  IT-2,  Reareaticm  on  a Storaae  Reservoir  (USPPA  Photo), 
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SPECIAL  RESERVOIR  RELEASES 

Water  quality— or  more  specifically,  dissolved-oxvpen  content— in 
the  Portland  Harhor  reach  of  the  Willamette  River  has  become  critical 
on  several  occasions.  In  this  reach,  where  water  pollution  is  severe 
even  under  normal  conditions,  the  problem  becomes  intensified  during 
periods  of  low  flow  and  higher-than-normal  temperatures.  Since  ld65, 
when  the  problem  became  most  acute,  a number  of  measures  have  been  taken 
which  have  lessened  the  severity  of  the  water  pollution  problem. 

In  1965,  special  releases  from  storage  reservoirs  were  made  by  the 
Corps  of  Engineers  for  streamflow  augmentation  at  the  request  of  water 
pollution  control  officials.  Also,  water  releases  were  made  by  Portland 
General  Electric  Company  from  their  upstream  storage.  Energy  losses  as 
a result  of  the  Company's  storage  releases  were  replaced  by  BPA.  This 
shows  the  vulnerability  of  power  storage  in  emergency  situations.  When 
power  storage  is  also  critical,  any  decision  Ko  use  the  stored  water  for 
pollution  abatement  Instead  would  be  even  more  difficult  than  in  the 
1965  situation. 

Since  that  time  aeration  devices  have  been  Installed  by  Portland 
General  Electric  in  seven  draft  tubes  at  the  T.  W.  Sullivan  plant  at 
Willamette  Falls.  Also,  Crown  Zellerbach  Corporation  and  Publishers 
Paper  Company  Installed  aeration  devices  in  their  powerplants  at  Wil- 
lamette Falls  in  1968. 

The  Corps  of  Engineers  has  agreed  upon  request  to  release  water 
stored  in  their  Willamette  Basin  reservoirs  when  emergency  conditions 
dictate.  The  Corps  of  Engineers  has,  however,  emphasized  that  there  is 
no  legal  authority  to  meet  stream  pollution  abatement  needs  at  the  ex- 
pense of  authorized  prolect  functions.  They  have  also  emphasized  that 
streamflow  augmentation  should  not  he  considered  a substitute  for  ade- 
quate water  treatment,  and  that  such  releases  are  subject  to  agreement 
by  affected  Federal  agencies,  in  this  case,  Bonneville  Power  Administra- 
tion. 


POWER  LINE  RIGHTS-OF-WAY 

It  is  necessary  to  use  some  land  for  powerline  occupancy.  About 
20,000  acres  of  agricultural  and  forest  lands  in  the  basin  are  now  used 
for  powerline  rights-of-way.  However,  this  land  is  shared  by  agricul- 
tural, recreational,  and  wildlife  uses. 

The  agricultural  use  of  much  of  the  land  is  continued  even  after  a 
transmission  corridor  is  put  through.  Row  crops  can  still  he  grown,  and 
cattle  can  be  grazed  on  the  rights-of-way  unused  by  structures.  On  the 
other  hand,  forest  areas  must  usually  be  removed  from  timber-growing 
uses,  because  trees  would  Interfere  with  the  lines;  Christmas  tree 
plantings  are  in  exception  to  this,  although  they  probably  do  not  occupy 
a sizable  portion  of  the  total  right-of-way.  Fire  control  is  frequently 
enhanced  by  access  roads  and  the  corridor  serving  as  a fire  break. 
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To  determine  the  highest  use  of  forest  land.  Its  utility  for  trans- 
porting electrical  energy  must  be  weighed  against  its  use  for  other 
purposes. 

Transmission  lines  may  traverse  and  adversely  affect  areas  of  rec- 
reational value.  Their  visual  Impact  must  be  considered  in  land  use 
planning.  Location  of  the  rights-of-way  when  coordinated  with  recrea- 
tion values  gives  an  optimum  balance  in  land  use.  The  need  for  power- 
line  rights-of-way  continues  to  remove  land  from  contnerclal  forest. 

While  it  is  necessary  to  use  forest  lands  for  this  purpose,  transmission 
planners  should  avoid  the  most  productive  sites  whenever  possible  by 
coordination  with  forest  land  managers. 

Malor  transmission  line  rights-of-way  are  customarily  seeded  to 
provide  forage  for  wildlife  or  domestic  animals  if  not  used  for  agri- 
culture or  other  purposes. 
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ELECTRIC  POWER  REQUIREMENTS 

Electric  power  requirements  of  Willamette  Basin  are  expected  to 
continue  the  rapid  growth  of  the  past.  The  combination  of  mild  climate, 
abundant  water,  and  plentiful  agricultural  and  forest  resources  should 
encourage  continued  commercial  and  Industrial  exnanslon  and  support  con- 
current Increases  In  population.  The  area  supports  a high  standard  of 
living.  Use  of  power  per  customer  ranks  among  the  highest  in  the  nation. 

Under  such  circumstances,  a steady  increase  in  the  need  for  electric 
power  can  he  expected. 

SHORT-RANCE  PROJECTIONS 

Electric  energy  sales  in  the  Willamette  Basin  increased  by  39  per- 
cent during  the  1960-65  period.  This  growth  reflects  both  Increases  in 
number  of  customers  and  increased  consumption  per  customer.  These  up- 
ward trends  are  expected  to  continue  to  1975.  Table  III-l  summarizes 
actual  energy  sales  in  1960  and  1965  and  forecasts  requirements  for  1970 

and  1975  by  class  of  customer;  detailed  forecasts  beyond  the  ten-year  ^ 

period  were  not  considered  sufficiently  valid  to  be  Included  in  this 
tabulation.  The  factors  which  have  and  will  Influence  energy  sales  are 
summarized  later  by  customer  groups. 

Table  1 ll-l 

Eleatria  Ener'oy  Sales  for  I960  and  1965, 
and  Estimated  Requirements  for  1970  and  1975, 
yillamette  Basin 


Actual 

Estimated 

1960 

1965 

1970 

1975 

Population 

1 

,168,899 

1,338,900 

1,450,500 

1,648,800 

No.  persons  per; 

Oomestic  Customer 

3.32 

3.30 

3.00 

2.95 

Commercial  Customer 

25.7 

25.5 

22.5 

21.5 

No.  Customers 

Domestic 

352,207 

405,091 

483,500 

558,920 

Conmercial 

45,571 

52,395 

64,470 

76,690 

Average  KWH/Customer 

Domestic 

10,107 

11,852 

14,000 

16,500 

Commercial 

Energy  Sales  (Millions 

of 

35,130 

KWH) 

45,514 

55,000 

65,000 

Domestic 

3,563 

4,801 

6,769 

9,222 

Irrigation 

20 

54 

85 

120 

Conmercial 

1 ,601 

2 ,385 

3,546 

4,985 

Indus  t rla 1 

3,636 

5,040 

7,969 

11,282 

Mlsce 1 laneous 

161 

219 

297 

387 

Total 

8,981 

12,499 

18,666 

25,996 

7 Losses  9.6 

Energy  Requirements  (Millions 

8.2 

8.0 

8.0 

of  KWH) 

9,934 

13,618 

20,289 

28,256 

December  Peak  (MW) 

I ,817 

2,655 

3,952 

5,670 

III-l 


The  values  shown  In  Table  III-l  for  1970  and  1975  are  based  on 
projections  made  by  utilities  serving  the  area  and  reflect  their  assess- 
ment of  potential  growth. 
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DOMESTIC 

The  number  of  domestic  electric  customers  (farms,  homes,  and  sea- 
sonal cabins)  has  Increased  more  rapidly  than  the  population.  Factors 
contributing  to  this  growth  have  been  the  wave  of  World  War  II  babies 
reaching  marriageable  age,  smaller  families,  and  the  establishment  of 
second  homes  by  a larger  number  of  more  affluent  families.  These  fac- 
tors will  probablv  continue  to  increase  the  number  of  domestic  customers 
at  a more  rapid  rate  than  population  growth. 

Average  use  per  domestic  customer,  adjusted  for  exceptional  weather 
conditions.  Increased  about  400  kwh  per  year  from  1960  to  1965.  During 
that  period,  electric  space  heating  In  the  Willamette  Basin  increased 
from  about  12  percent  of  the  homes  to  almost  23  percent,  accounting  for 
three-fourths  of  the  total  Increase.  Further  increases  In  domestic  use 
of  about  400  kwh  per  year  can  be  expected  through  1970.  Sllghtlv  higher 
Increases  are  forecast  from  1970  through  1975,  based  on  the  growing  de- 
mand for  all-year  air  conditioning. 

IRRIGATION 


Energy  sales  for  Irrigation  by  1975  will  he  more  than  double  the 
1965  level.  Sprinklers  are  used  on  about  95  percent  of  the  land  now 
under  Irrigation.  Future  growth  will  rely  primarily  on  the  use  of 
sprinklers.  By  the  year  1975  over  360,000  acres  will  be  under  Irriga- 
tion compared  to  244,000  acres  in  1966. 

COMMERC lAL 


Commercial  electric  energy  sales  have  Increased  as  air  condition- 
ing, lighting,  and  electric-heating  loads  Increased.  Manv  shopping 
centers,  office  buildings,  and  small  factories  have  been  constructed  In 
recent  years  to  serve  the  expanding  economy.  These  trends  are  expected 
to  continue  In  the  foreseeable  future. 


INDUSTRIAL 


The  Bonneville  Power  Administration  serves  four  electro-process 
Industries  In  the  Willamette  Basin:  Reynolds  Metals  Company  at  Trout- 

dale,  and  Pacific  Carbide  & Alloys  Company,  Pennwalt  Corporation,  and 
Union  Carbide  Comoratlon  in  Portland.  Some  of  the  major  Industrial 
plants  served  by  other  utilities  In  the  basin  are:  Wah  Chang  Corporation 
and  Oregon  Metallurgical  Comoratlon  located  at  Albany,  Weyerhaeuser 
Company  at  Springfield  and  Cottage  Grove,  Boise  Cascade  Comoratlon  at 
St.  Helens,  Crown  Zellerbach  Corporation  at  West  Linn,  Publishers  Paper 
Company  at  Oregon  City  and  Newberg,  and  Oregon  Steel  Mills  at  Portland, 
Expansion  of  these  and  other  Industrial  plants  In  the  basin  la  expected 
to  occur  at  a rate  of  about  R percent  per  year  over  the  next  10  years. 
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MISCELLANEOUS 


Sales  which  do  not  fall  under  domestic,  commercial,  irrigation,  or 
industrial  headings  are  classified  as  miscellaneous.  Sales  to  Federal 
agencies  or  public  authorities  are  classed  under  this  heading,  for 
example.  Crowth  in  this  group  la  expected  to  parallel  that  of  other 
types  of  use. 


The  long-range  (1975-2020)  trend  in  electric  power  demands  in  the 
basin  will  likely  continue  upward  at  about  the  same  rate  experienced  in 
years  past.  This  estimate  is  based  largely  on  confidence  in  future 
expansion  of  the  economy,  and  hence  the  need  for  electric  power.  The 
basin's  growth  is  expected  to  adyance  at  a somewhat  higher  rate  than 
for  the  region  as  a whole.  Regional  wholesale  electric  power  costs  will 
continue  at  lower  than  national  average  costs  providing  an  Inducement  to 
further  load  growth.  Future  power  requirements,  in  nart,  will  be 
supplied  from  higher  cost  thermal  generation  compelling  a gradual  in- 
crease in  power  rates.  However,  the  blending  of  hydroelectric  power 
generation  with  thermal  generation  will  result  in  a continuing  lower 
local  average  wholesale  power  cost  as  compared  with  the  national  average 
This  will  be  reflected  in  lower  resale  rates  in  the  region  compared  with 
the  nation  .»s  has  been  the  historic  trend.  Load  forecasts  are  based  on 
the  accumjl ation  of  utility  loads  and  potential  large  electro-process 
industrial  power  requirements  in  the  basin.  Table  III-2  shows  energy 
requirements,  peak  demands,  and  annual  load  factors  estimated  for  each 
fifth  year  of  the  period  l<J75-2h,'’0. 
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Table  I I 1-2 

Fstirnated  Elentric  Power  loads ^ Willamette  Basin 


Energy 

Demand 

Annual  Load 

Year 

.0-1  kWH) 

(1.000  KW) 

Factor-% 

1975 

28,256 

5,670 

56.8 

1980 

38,400 

7,730 

56.7 

1985 

52,900 

10,600 

57.0 

1990 

72,700 

14,600 

56.8 

1995 

99,700 

20,000 

56.8 

2000 

136,000 

27,300 

56.8 

2005 

185,000 

37,200 

56.8 

2010 

250,000 

50,200 

56.8 

2015 

338,000 

67,900 

56.8 

2020 

457,000 

91 ,800 

56.8 

Figure  III-l  shows  actual  and  forecast  peak  loads,  the  existing 
resources,  and  capacity  required  from  other  sources. 


Megawatts 


Resource 


Figure  IIl-l  - Peak  Load  iVid  Peak  Generatina  Cavacitu 


ALTERNATIVE  MEANS  TO 
SATISEV  DEMANDS 


To  meet  Che  peak  demand  by  2020,  Willamette  Basin  will  need  over 
90,000,000  kilowatts,  about  90  times  the  basin's  present  generating  ca- 
pacity. The  potential  hydroelectric  projects  in  the  basin  could  not 
begin  to  satisfy  Che  power  needs.  Large  thermal  plants  will  likely  be 
built  to  meet  energy  loads  in  the  basin.  Considerable  power  must  be 
provided  from  other  sources  to  supply  reserves  for  outages  and  addition- 
al peak  needs.  Some  of  this  will  be  imported. 


The  dramatic  increase  in  electric  power  requirements  projected  in 
Part  III  - Future  Demands  requires  immediate  attention  from  all  plan- 
ners, A pivotal  point  has  been  reached  in  the  power  industry  of  the 
Pacific  Northwest.  Most  of  the  economic  hydroelectric  energy  will  soon 
be  developed.  The  few  large  undeveloped  sites  which  still  remain  lie 
outside  the  Willamette  Basin.  Consequently,  Northwest  utilities,  in- 
cluding Chose  serving  the  basin,  must  look  to  other  sources  of  power  to 
supply  their  future  needs. 


The  only  potential  hydroelectric  development  in  the  basin  which  has 
progressed  beyond  the  preliminary  stage  is  the  authorized  expansion  of 
Che  existing  Cougar  project.  This  includes  adding  35,000  kilowatts  at 
site  and  building  the  Strube  reregulating  dam  downstream  with  4,500 
kilowatts  of  installed  capacity.  No  work  has  been  initiated  on  this 
project. 
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Photo  lV-1.  Cougar  Dam  (USCE  Photo).  ■ 
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Hydroelectric  facilities  could  be  installed  at  a number  of  poten- 
tial multipurpose  dams  in  the  basin.  Preliminary  studies  identify  18 
sites  plus  four  alternative  sites.  If  all  18  were  developed  to  Include 
hydroelectric  power,  these  prelects  would  add  over  S‘>0,onO  kilowatts  to 
the  area  power  supply.  Also,  six  potential  single-purpose  hydroelectric 
power  prefects  could  be  developed  to  add  210,000  kilowatts. 

Other  possible  sources  of  additional  hydroelectric  capacity  would 
be  pumped-storage  profects.  Numerous  pumped-storage  sites  could  be  de- 
veloped in  the  Willamette  Basin.  Initially,  Che  <«3  largest  of  these 
instal lat ions  could  produce  an  aggregate  44,000,000  kilowatts  and  ulti- 
mately, about  128,000,000  kilowatts.  Potential  "conventional"  hydro- 
electric sites  and  pumped-storage  profects  are  shown  on  Map  lV-1, 

Increased  Importation  of  power  from  outside  the  basin  will  be  an- 
other source  of  power  supplv.  This  will  require  the  building  of  addi- 
tional extra-high-voltage  transmission  lines  into  the  basin. 

The  alternative  means  of  obtaining  future  electric  oower  for  the 
basin,  costs,  and  associated  problems  are  presented  herein. 


POWER  RESOURCES 

In  the  studies  of  power  resources  for  the  Willamette  Basin,  several 
methods  of  oroduclng  power  were  examined.  The  limited  potential  hydro- 
electric resources  were  found  inadequate  to  supply  all  the  rower  re- 
quirements of  the  basin.  The  possible  sources  of  power  for  the  basln-- 
hydroelectric , fossil-fuel  electric,  nuclear-electric,  and  importation 
of  power — are  discussed  in  the  sections  following. 

The  criteria  used  to  determine  hydroelectric  power  values  are  pre- 
sented in  Addendum  "A,"  These  data  are  used  to  determine  the  compara- 
tive benefits  of  power  produced  by  "conventional"  hydroelectric  plants. 

"CONVENTIONAL"  HYDROELECTRIC  PLANTS 

Possible  sites  for  development  of  "conventional"  hydroelectric  re- 
sources within  the  Willamette  Basin  fall  into  two  categories.  The  first 
Includes  hydroelectric  power  plants  at  potential  multiple-purpose  reser- 
voir sites.  The  se*ond  includes  only  potential  single-purpose  hydro- 
electric prefects.  These  sites  are  not  i j be  confused  with  the  poten- 
tial pumped-storage  plants  discussed  later. 

Within  the  Willamette  basin,  generation  could  be  Installed  at  18 
potential  mult iple-purpose  reservoir  sites,  having  an  estimated  total 
installation  of  about  550,000  kilowatts.  In  all,  there  are  22  prefect 
sites  (Table  IV-1)  with  possible  economic  feaslbllltv  as  additions  to 
potential  multiple-purpose  prefects.  However,  several  sites  are  mutually 
exclusive.  Further  Investigation  of  the  22  potential  sites  is  warranted 
only  if  the  associated  dams  and  reset should  he  proposed  for  other 
purposes.  Five  sites  on  the  Molalla  River— Pine  Creek,  Pelkev,  Upper 
Pelkev,  Three  Hundred,  and  Four  Hundred--are  in  the  same  general  loca- 
tion, and  are  alternatives  to  each  other. 
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Potential  installations  were  evaluated  by  assuming  an  overall  plant 
factor  of  40  percent,  utilizing  average  annual  streamflow  and  maxlmuin  * 

gross  head  with  an  efficiency  of  83  percent.  The  test  for  economic 
feasibility  was  made  for  specific  power  facilities  only  (without  assoc- 
iated dam  and  reservoir  costs),  using  reconnaissance-level  cost  data 
and  a deoendahle  capacity  of  80  percent  of  the  Installed  capacity. 


There  are  also  six  potential  single- purpose  hvdroelect ric  develop- 
ments in  the  basin,  with  a total  Installed  generating  capacity  of  210,000 
kilowatts  (Table  IV-2).  These  sites  were  selected  from  a list  of  poten- 
tial hydroelectric  developments  shown  in  the  Federal  Power  Commission's 


Planning  Status  Report  on  the  "Willamette  River  Basin,"  dated  1966,  and 
are  worthy  of  further  investigation.  The  determination  of  economic 
feasibility  for  these  potential  prolects  Is  based  on  reconnaissance- 
level  cost  data  and  value-of-power  criteria  presented  in  Addendum  "A." 

The  potential  developments  shown  on  Tables  IV-1  and  IV-2  have  been 
analyzed  without  imposing  possible  restrictions  for  non-power  uses. 

These  restrictions  should  be  considered  in  any  further  investigation, 
using  refined  hydrologic  data  and  cost  estimates.  Also,  there  Is  a 
possibility  that  in  some  cases  reregulation  would  be  required.  The 
costs  and  benefits  in  Tables  IV-1  and  lV-2  are  developed  from  data  pre- 
pared by  the  Federal  Power  Comnlsslon  and  the  Corps  of  Engineers,  North 
Pacific  Division. 

Cost  estimates  for  potential  projects  are  based  on  assumed  Federal 
construction.  The  cost  figures  shown  for  "conventional"  hydroelectric 
plants  are  not  to  be  compared  with  those  for  pumped-storage  projects 
due  to  differences  in  assumptions  used.  Intake  costs,  penstock  costs, 
and  operation  and  maintenance  costs  for  the  projects  listed  on  Tables 
IV-1  and  IV-2  were  estimated  from  data  developed  by  the  Federal  Power 
CoDiBlsslon.  Powerhouse  costs  were  determined  by  using  curves  prepared 
from  actual  costs  incurred  at  projects  in  the  area.  This  information 
was  developed  by  the  Corps  of  Engineers. 

Cost  estimates  were  based  on  January  1969  prices  and  Federal  financ- 
ing with  Interest  and  amortization  at  4-5/8  percent  over  a 50-year 
period.  The  reader  should  recognize  that  prices  and  the  interest  rate 
to  be  used  for  a detailed  feasibility  analysis  of  any  of  the  projects 
discussed  in  this  appendix  would  be  those  pertinent  to  the  constructing 
entity  and  financial  conditions  prevailing  at  the  time.  Estimates  here- 
in are  intended  to  identify  projects  for  possible  future  detailed  study. 

PUMPED-STORAGE  PLANTS 

Power  resource  studies  indicate  that  in  the  future,  a major  part 
of  the  Pacific  Northwest's  base  load  will  be  met  by  nuclear  powerplants. 
Nuclear  plants  supply  base-load  energy  at  a relatively  low  cost  but  they 
are  an  expensive  source  of  peaking  capacity.  Therefore,  more  economical 
means  for  providing  peaking  capacity  are  desirable.  Until  about  1990, 
the  peaking  requirements  of  the  region  will  probably  be  met  bv  adding 
generating  units  to  the  existing  "conventional"  hydroelectric  projects. 
When  the  addition  of  those  units  is  completed,  other  sources  of  peaking 
capacity  must  be  developed.  Several  alternative  sources  are  available, 
including  pumped-storage.  Recent  Improvements  in  reversible  pump-tur- 
blnes  have  created  considerable  Interest  in  pumped-storage,  especially 
in  areas  where  reservoir  sites  with  high  head  are  available,  as  they 
are  in  Willamette  Basin. 


Operation 

Pumped-storage  is  unlnue  among  methods  of  hydroelectric  power  gen- 
eration in  that  It  depends  on  other  electrical-power  sources  for  its 
energy  supply.  It  functions  as  an  energy  accumulator  in  that  the 
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low-valued,  off-peak  capadtv  at  "conventional"  plants  Is  converted  to 
high-value  capacity  bv  using  off-peak  energy  to  pump  water  from  a lower 
to  a higher  reservoir  (Fig.  lV-1).  The  water  stored  in  the  higher  res- 
ervoir can  then  be  returned  through  the  turbines  to  generate  power  dur- 
ing peak-load  periods,  when  it  is  most  needed  and  thus  has  its  greatest 
value.  Pumped-s to  rage  installations  offer  many  of  the  advantages  of 
"conventional"  hydroelectric  plants  such  as  rapid  start-up,  long  life, 
dependability,  low  operating  and  maintenance  costs,  and  adaptability  as 
low-cost  spinning  reserve. 

Low  cost  peaking  capacity  becomes  Increasingly  important  as  peak 
loads  grow  and  sizes  of  base  load  generating  units  increase,  and  as 
demands  for  reliability  become  greater.  Puraped-storage  can  help  meet 
this  requirement  at  a moderate  cost.  As  large  nuclear  generating  co*a- 
plexes  have  sudden  outages,  some  means  must  be  available  to  pick  up  this 
lost  generation.  Reversible  units  are  remarkably  flexible.  Not  only  do 
they  generate  in  one  direction  and  pump  in  the  other,  but  they  can  be 
available  iniaedlately  as  spinning  reserve  if  the  inlet  valve  is  open  - 
or  less  than  one  minute  if  closed.  Start  up  from  standstill  is  within 
three  minutes. 

When  operating  as  pumps,  the  reversible  pump-turbines  offer  a 
douhle  reserve  capability.  First,  the  power  used  for  pumping  can  be 
Interrupted,  and  second,  their  own  generating  capacity  is  available  to 
meet  peak  loads.  They  also  act  as  synchronous  condensers  for  system 
power  factor  correction. 

Pumped-storage  mav  be  designed  to  operate  on  a seasonal,  weekly, 
or  daily  cycle.  Seasonal  pumped-storage  Is  economical  In  a system  where 
there  is  a period  in  the  year  when  there  is  both  surplus  water  and  sur- 
plus energy.  The  surplus  energy  would  be  used  to  pump  the  surplus  water 
into  a holding  reservoir  to  be  used  for  generation  during  periods  of 
greatest  power  demand.  In  the  Willamette  Basin,  however,  the  streamflow 
and  power-demand  patterns  do  not  appear  to  be  favorable  for  seasonal 
pumped-storage  operation.  Moreover,  high-head  reservoir  sites  capable 
of  storing  sufficient  water  for  seasonal  operation  are  not  available  in 
the  basin.  Dally  and  weekly  pumped-storage  hold  considerable  promise, 
especially  since  thermal  plants  will  assume  an  increasing  share  of  the 
region’s  base  load  in  the  future.  Thermal  plants  are  most  Ideallv  suit- 
ed to  furnish  off-peak  pumping  power.  Best  efficiency  is  obtained  when 
thermal  plant  loadings  are  maintained  at  near  maximum  output.  Ceneral- 
Iv,  the  energy  needed  for  pumping  is  obtained  from  surplus  generation 
at  base-load  thermal  plants  during  low-load  hours.  As  more  thermal 
plants  are  nut  into  operation,  more  off-peak  energy  will  become  avail- 
able for  use  bv  pumped-storage  plants. 

Water  can  be  pumped  at  night  (and  on  weekends)  and  released  during 
the  day  to  generate  cnerg,y  for  meeting  the  system's  peak  loads  (Fig. 
IV-2),  Due  to  inefficiencies  in  the  operation  of  the  pump-turbines, 
approximate  1 V one  and  one-half  times  as  much  energy  is  required  to  pump 
the  water  "uphill"  as  is  obtained  from  the  falling  water  in  the  generat- 
ing phase.  However,  this  increased  energy  use  is  lustified  by  the  high 
value  of  the  peak  generation. 
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Selection  of  Pumped-Storay.e  Sites 


In  the  pumped-storage  studies,  most  of  the  effort  was  placed  on 
locating  sites  suitable  for  large  peaking  plants  capable  of  operating 
on  a dallv  or  weeklv  cvcle  using  off-oeak  thermal  energy.  These  are 
the  sites  discussed  In  subsequent  paragraphs  of  this  section.  Some 
consideration  was  also  given  to  seasonal  storage  prolects  capable  of 

Loads  Served  By 


Loads  Served  By 

Conventional  Hydro  and  Thermal  Generation 


SUNDAY  ^ MONDAY  ^ TUESDAY  ^WEDNESDAY*  THURSDAV  * FRIDAY  * SATURDAY 
’^iiTure  IV - Typioal  Wet^kly  Cuptem  Load  Curve 
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storing  water  for  late-summer  release  for  water  quality  enhancement  as 
well  as  power  generation.  An  example  is  the  New  Era  site,  which  is  lo- 
cated off-stream,  a few  miles  above  Oregon  City.  However,  the  power 
benefits  from  such  a project  would  be  incidental,  and  therefore  similar 
prolects  would  be  best  considered  on  the  basis  of  other  benefits  such  as 
pollution  abatement.  The  possibility  of  installing  reversible  units  at 
the  existing  Willamette  Basin  plants  such  as  Detroit,  Lookout  Point, 
Green  Peter  and  Cougar  (proiects  with  existing  or  potential  reregulating 
reservoirs)  was  evaluated,  and  none  except  Cougar  appeared  to  have  any 
possibility  of  economic  feasibility.  At  such  time  as  the  need  develops 
for  use  of  Willamette  Basin  hydroelectric  plants  for  peaking  power,  the 
possibility  of  installing  a reversible  unit  at  Cougar  dam  should  be  con- 
sidered. This  would  require  construction  of  Strube  reregulating  reser^ 
voir. 

Potential  sites  with  an  investment  cost  of  less  than  $150  per  kilo- 
watt, and  their  characteristics,  are  sumr.arlzed  on  Table  IV-3.  The  lo- 
cations of  these  sites  are  shown  on  Map  IV-1.  Site-selection  criteria 
used  in  the  evaluation  of  pumped-storage  potentials  are  presented  in 
Addendum  "B." 

Costs 

On  the  basis  of  the  cost  data  shown  on  Table  IV-3,  it  appears  that 
it  will  be  possible  to  construct  pumped-storage  in  the  Willamette  Basin 
having  an  annual  cost  of  about  $6.50  per  kilowatt  based  on  4-5/8  percent 
Federal  financing.  Federal  Power  Commission  studies  indicate  that  the 
annual  fixed  cost  of  nuclear  thermal  capacity  at  4-5/8  percent  Federal 
financing  is  $14.26  and  the  variable  (energy!  cost  is  1.27  mills  per 
kilowatt-hour.  Assuming  that  the  peaking  capacity  will  be  required  for 
876  hours  per  year  (10  percent  annual  capacity  factor),  that  off-peak 
pumping  energy  will  be  available  at  1,27  mills  per  KWH,  and  that  1-1/2 
KWH  of  pumping  energy  will  be  required  for  each  KWH  of  peaking  energy, 
the  cost  of  pumped-storage  capacity  will  be  $8,17  per  KW-year  as  com- 
pared to  $15.37  per  KW-year  for  nuclear  thermal  capacity.  Again  using 
current  Federal  Power  Commission  cost  data,  the  tabulation  below  in- 
dicates that  pumped-storage  at  $6,50  per  KW-year  is  more  economical  than 
either  gas  turbine  or  steam-electric  peaking  plants  down  to  annual  ca- 
pacity factors  of  about  2 percent. 


Annual  Capacity 
Factor.  Percent 


Pumped-Stora^e  Cas  Turbines 

$/KW-Year  k'  $/KW-Year  1' 


0.67 

- 

9.84 

- 

9.00 

- 

8.  17 

17.73 

7.34 

11.24 

6.92 

7.99 

6.67 

5.96 

$/KW-Year  I' 


Steam-Electric 
Peakln 


7.  14 

5.20 

3.21 
1,06 
8,75 
7.45 


L, 


Based  upon  capacity  cost  of  56.50  per  KW-Year  and  energy  cost  ol 
1.0  mllls/Kwh. 

Based  on  financing  comparable  to  that  used  in  computing  pumped- 
storage  costs  (4-5/87  over  50  years). 
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Table  IV-3 

Potential  Pumped- Storage  Sites  in  the  Willamette  Basin 


Tot«l 


Plant 

Length 

Pal  1</ 

Turbine 

Drawdown 

lnveat»nent 

Capacity 

Capacity 

Head 

Penatock 

Storaee 

Capacity 

Cpper 

lower 

Coat 

Coat 

Sice 

1.000  lew  y 

Ft, 

Ft. 

AF 

Cf  9 

'■t. 

ft. 

S/KW 

5/KW  Yr. 

Box  Canvoo 

1,000 

890 

6,500 

10,000 

15,400 

88 

27 

139 

7,60 

2,000 

20,000 

29,900 

134 

48 

128 

7.00 

Flshch  Creek 

1,000 

1,340 

7,400 

7,300 

10,200 

42 

46 

12  7 

6.90 

3,000 

21,900 

30,700 

87 

107 

109 

5.90 

Erme  Bell 

1,000 

1,590 

4,200 

6,000 

8,600 

89 

16 

107 

5.90 

4,000 

24,000 

33.150 

192 

59 

89 

4.80 

Cander  Lake 

1,000 

1,700 

15,000 

6,000 

8,100 

4b 

82 

134 

7,30 

2,000 

12,000 

16,100 

80 

134 

114 

6.20 

SuranlC  Lake 

1,000 

1,790 

12,500 

5,300 

7,600 

7 

21 

113 

6.20 

Tli^anogM 

1,000 

1,560 

13,200 

6,000 

8.800 

59 

21 

229 

7.00 

2,000 

12,000 

17,350 

100 

55 

108 

5.80 

Waldo  Lake 

1,000 

2,190 

21,000 

4,600 

6,200 

1 

16 

144 

7.80 

3,000 

13,800 

19,000 

3 

45 

107 

5.80 

Beaver  Marsh 

1,000 

1,270 

o 

o 

7,800 

10,800 

44 

87 

145 

7.80 

Corral  flat 

1,000 

1,210 

3,500 

9,000 

11,300 

58 

71 

120 

6.60 

Cow  Swatnn 

1,000 

1,510 

7,000 

6,400 

9,050 

33 

80 

110 

6.00 

2,000 

12,800 

18,300 

57 

120 

88 

4.80 

Dead  Horae 

1,000 

1,190 

11,600 

7,900 

11,500 

14 

50 

135 

7.40 

french  Pete 

1,000 

1,630 

10,500 

5,800 

8,400 

92 

20 

125 

6.80 

4,000 

23.200 

33,6j0 

166 

67 

98 

5.  30 

Honev  Lake 

1,000 

2,000 

11,000 

4,800 

6,900 

51 

22 

111 

6. 10 

4,000 

19,200 

26,800 

154 

75 

88 

4.80 

Me  lakwa 

1,000 

1,380 

9,000 

6,900 

9,900 

49 

44 

114 

6.22 

2,000 

U,800 

20.000 

82 

84 

102 

5.50 

Olallle  '<eadow« 

1,000 

1,7Q0 

n,8oo 

6,000 

7,600 

40 

70 

143 

7.70 

3,000 

18,000 

21,250 

88 

142 

113 

6.10 

Penn  Lake 

1,000 

1,400 

13,500 

6,800 

9,800 

71 

70 

142 

7.  70 

2,000 

13,600 

19,700 

114 

124 

121 

6.50 

VM  Idcat  Swann 

1,000 

1,450 

8,500 

6,700 

9,450 

29 

59 

125 

6.80 

Berlev  Lakea 

1,000 

1,290 

10,600 

7,600 

10,600 

36 

21 

126 

6.90 

Rrowder  fld»»e 

1,000 

1,620 

7,600 

6,000 

8,500 

133 

14 

116 

6.30 

2,000 

12, 0(A) 

16,700 

21  7 

68 

101 

5.50 

Bruno  ‘V.adowfl 

1,000 

1,700 

11,000 

5,500 

8,000 

43 

in 

129 

7,00 

2,000 

1 1 ,000 

15,850 

68 

20 

104 

5.60 

Downlnp  Creek 

1,000 

970 

2,300 

9,700 

14, mo 

54 

37 

137 

7.40 

2,000 

19,400 

27,350 

82 

96 

119 

6.  SO 

F.lk  Lake 

1,000 

1,910 

l°,000 

5,300 

7,200 

19 

27 

114 

7.30 

10,000 

53.000 

72,4(Ki 

138 

87 

101 

5.40 

fal la  Creek 

1 ,000 

2,440 

8,800 

1,800 

5,600 

<.4 

11 

126 

6,90 

3,000 

11,400 

16,000 

126 

48 

94 

5.10 

Effect  of  Pumped-Stor age  Plant  Operation  on  St  reamf low 


Most  of  the  sites  located  In  this  survey  would  he  developed  as  hy- 
draulically Independent  nrolects;  the  reservoirs  would  he  connarat I ve  Iv 
small  and  would  be  used  exclusively  for  pumped-storage  operations.  The 
large.  Irregular  flows  associated  with  peaking  operarlor  would  occur  orly 
between  the  upper  and  lower  reservoirs.  Once  filled,  onlv  a comparative- 
ly small  amount  of  Inflow  v'ould  be  required  to  make  up  leakage  and  evapo- 
ration i'jsses.  For  the  most  part  Inflows  would  be  passed  and  the  opera- 
tion of  the  prolect  would  have  verv  little  effect  on  the  flows  downatrecim. 
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Table  IV- 3 (Continued) 
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SITO 

riant 

Caoacitv 

i.ooo  rw  w 

Head 

Ft. 

Length 

Penstock 

Ft. 

Daily 

Storage 

AF 

Total 
Turbine 
Capacity 
cf  s 

Draw* 

I'pper 

Ft. 

,if»wr. 

Lrwer 
Ft . 

InvestvenC 
Coal 
S 'KW 

Capacl tv 
■a-st 

$'¥m  Yr._ 

^■nrdon  '^eadpws 

1,000 

2,730 

11,000 

3,500 

5,000 

31 

25 

132 

7.10 

6,000 

14,000 

20,000 

65 

63 

94 

5.10 

Harter  Mountain 

1,000 

2,040 

12,000 

4,800 

6,700 

36 

59 

147 

8.00 

Little  Meadows 

1,000 

1,660 

9,000 

5,800 

8,200 

77 

74 

123 

6.70 

Olallle-Monon 

1,000 

1,980 

18,000 

5,300 

6,900 

7 

31 

133 

7.20 

10,000 

53,000 

75,500 

54 

183 

96 

5.20 

rieeon  Prairie 

1,000 

1,390 

7,000 

7,500 

9,850 

27 

17 

117 

6.40 

2,000 

15,000 

19,600 

47 

32 

105 

5.70 

‘'flow  Peal* 

2,000 

2,210 

22,000 

8,400 

12,400 

114 

38 

129 

7.00 

4,000 

16,800 

24,250 

152 

53 

112 

6.10 

Peak  #1 

1,000 

2,000 

14,000 

4,800 

6,900 

69 

48 

119 

6.50 

2,000 

9,600 

13,700 

125 

58 

100 

5.40 

Tumble  Lake 

1,000 

2,270 

10,500 

4,300 

6,400 

39 

2 

112 

6.10 

6,000 

25,800 

36,050 

204 

14 

94 

5.10 

Battle  Creek 

1,000 

1,080 

11,000 

8,400 

12,600 

71 

27 

144 

7.90 

6,000 

50,400 

70,100 

248 

116 

118 

6.40 

Bla  ^ddv 

1,000 

1,560 

3,200 

6,300 

8,800 

42 

20 

101 

5.60 

3,000 

18,900 

25,800 

71 

78 

79 

4.40 

Cache  Meadow 

2,000 

2,560 

25,000 

7,400 

10,800 

81 

95 

133 

7.10 

4,000 

14,800 

21.700 

127 

158 

116 

6.20 

(Cottonwood 

1,000 

1,990 

10,000 

4,700 

6,900 

58 

39 

121 

6.60 

6,000 

28,200 

40,300 

194 

208 

85 

4.60 

kink  Creek 

1,0(X) 

1,350 

6,500 

7,000 

10,100 

50 

57 

120 

6.50 

2,000 

14,000 

20,200 

74 

80 

91 

5.00 

Peavlne 

2,000 

1,220 

14,000 

15,000 

22,500 

85 

26 

120 

6.50 

6,000 

<.5,000 

65,800 

151 

62 

118 

6.40 

'Wiuau  ‘le.sdow 

1 ,000 

1,770 

11,000 

5,700 

7,750 

55 

64 

116 

6.30 

2,000 

11,400 

15,600 

88 

112 

95 

5.20 

Tartan  *^pr1np 

1 ,000 

1,540 

15,000 

6,000 

8,900 

90 

28 

133 

7.20 

3,000 

18,000 

26,050 

160 

63 

115 

6.20 

Wanderer's  (>ak 

1,000 

1,840 

12,000 

5,000 

7,400 

103 

62 

121 

6.60 

4,000 

20,000 

29,150 

221 

141 

96 

5.70 

t^aCotire  1 1 

2,000 

3,040 

22,000 

6,000 

8,950 

59 

NcrI 

121 

6.50 

Multnomah 

l,(i00 

1,730 

3,000 

5,700 

7,900 

<•8 

Seri 

95 

5.20 

Wind  Creek 

1 ,000 

1,4HC 

6,000 

6,300 

9,300 

87 

13U 

118 

6.40 

I 
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Recreational  Use 

Almost  every  body  of  water  Is  viewed  bv  the  nubile  as  a potential 
site  for  water-based  recreation.  While  It  is  possible  that  a few  o*'  the 
pumped-st oraye  reservoirs  could  he  used  for  some  recreation,  not  all  of 
them  could  be  fullv  used  for  both  power  and  recreation  due  to  confllct- 
InR  needs  for  pool  operation.  In  most  cases,  reservoir  drawdown  for 
power  would  he  great;  therefore,  public  access  to  pumped-st orage  pro- 
1ect  areas  would  have  to  be  restricted, 
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Best  Sites 


Of  the  43  sites  listed  In  Table  IV-3,  24  could  be  developed  to  pro- 
vide an  ultimate  Installed  capacity  of  up  to  2,000,000  kilowatts  each; 

13  could  accommodate  Installations  between  2,000,000  and  4,000,000  kilo- 
watts; four  sites  could  be  developed  with  up  to  6,000,000  kilowatts  each; 
and  two  sites  have  potential  for  10,000,000  kilowatt  Installation  each, 
kliile  all  these  sites  show  favorable  Investment  costs,  other  factors  may 
render  them  Infeasible.  Some  sites  are  located  in  Wilderness  Areas  or 
other  prime  recreation  areas,  some  would  conflict  with  other  existing 
land  and  water  uses,  and  others  might  be  impractical  from  a geological 
standpoint. 

Of  the  43  sites  listed,  a total  of  nine  appear  to  be  the  most  favor- 
able and  should  be  given  first  consideration  for  more  detailed  investiga- 
tion. These  sites  are  as  follows; 


SI te  Name 


Tentative 

Maximum  Installation 
(1 ,000  kilowatts) 


Elk  Lake  10,000 
Little  Meadows  1,000 
Snow  Pe  ak  4 , 000 
Tumble  Lake  6,000 
Battle  Creek  6,000 
Cache  Meadows  4,000 
Cottonwood  6,000 
Squaw  Meadow  2,000 
Tarzan  Springs  3,000 


It  should  be  emphasized  that  while  this  list  is  considered  to  in- 
clude the  most  promising  of  the  sites  reviewed,  this  should  not  preclude 
consideration  of  the  other  sites  in  future  studies. 


It  appears  from  this  survey  that  there  is  considerable  pumped-stor- 
age  potential  in  the  Willamette  Basin-potential  that  could  be  developed 
in  conlunctlon  with  base-load  thermal  plants.  Considering  only  the  nine 
most  favorable  sites,  as  listed  above,  there  is  a potential  generating 
capacity  of  up  to  42,000,000  kilowatts.  Most  of  this  capacity  could  be 
installed  for  less  than  $123  per  kilowatt.  More  study  will  be  required 
to  see  when  and  how  pumped  storage  could  best  fit  into  the  region's 
future  load  pattern,  but  it  is  evident  that  pumped  storage  offers  con- 
siderable promise  as  a source  of  future  peaking  capacity. 

FOSSIL-FUELED  PLANTS 

Studies  of  future  electric  power  loads  and  resources  show  needs  for 
additional  generating  capacity  not  only  to  supply  the  bulk  of  the  energy 
requirements  (base  loads)  but  also  to  be  used  for  only  a few  hours  a day 
to  meet  peak  demands.  Most  of  the  remaining  sites  in  the  area  which  can 
be  economically  harnessed  for  base-load  generation  are  already  being  de- 
veloped, or  plans  for  their  use  are  well  under  way.  Thus,  nearly  all 
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future  energy  requirements  must  necessarily  be  met  by  constructing  large 
thermal  generating  plants. 

New  capacity  to  supply  peak  demands  can  be  obtained  by  adding  gen- 
erating units  at  some  of  the  existing  hydroelectric  plants  and  by  con- 
structing pumped-storage  prelects  and  fosslJ-fuel  electric  generating 
plants.  Nuclear-fuel  plants  would  not  be  developed  tor  low  plant-factor 
peaking  operations  largely  because  of  their  high  capital  cost. 

The  types  of  fossil  fuel  utilized  in  electric  power  generation  are 
coal,  oil,  and  natural  gas.  Steam-electric  plants  may  use  any  of  these 
types  of  fuel.  There  are  no  known  deposits  of  coal,  oil,  or  gas  in  the 
Willamette  Basin  capable  of  supporting  large  base-load,  steam-electric 
plants.  Transportat ion  costs  for  moving  such  fuels  to  the  basin  are 
quite  high.  These  circumstances  inhibit  the  construction  of  such  plants 
in  the  basin. 

Gas  turbines  can  be  designed  to  operate  by  burning  either  natural 
gas  or  distillate  oil.  Gas-turbine  generators  possess  many  features 
which  make  them  desirable  for  certain  types  of  power-system  duty.  They 
have  a low  installed  cost,  quick  start-up,  require  few  auxiliaries,  can 
be  made  semi-automatic  in  starting  and  stopping,  and  adapt  readily  to 
remote  control,  reducing  the  need  for  at-slte  attention  by  operating 
personnel.  They  can  be  located  with  considerable  freedom,  since  their 
cooling  water  requirements  are  nil  and  they  are  not  dependent  on  any 
single  fuel  source.  Maintenance  costs  are  low  bec^uee  of  simple,  com- 
pact construction  with  all  parts  readily  accessible.  Gas-turbine  elec- 
tric generators  are  ideal  for  use  for  peaking  service. 

Diesel -engine-driven  generators  offer  the  same  advantages  as  gas 
turbines  relative  to  installed  costs,  operation,  and  maintenance.  They 
are  superior  to  gas  turbines  when  used  for  serving  small  general  loads. 

Steam-electric  units  designed  for  peaking  capacity  are  different 
from  base-load  units.  Steam  peaking  units  operate  at  lower  pressures 
and  temperatures  and  use  a simplified  water-heating  cycle.  Oil-  cr  gas- 
fired  boilers  permit  rapid  startup  and  shutdown,  with  minimum  attention 
from  a small  number  of  operators.  Maintenance  requirements  are  also 
minimized  by  use  of  these  fuels.  All  steam-cycle  generating  plants  re- 
quire cooling  water  in  quantity  and  at  low  temperature  to  dispose  of 
unused  heat  if  their  installed  costs  are  to  be  low.  Steam-electric  peak- 
ing plants  permit  greater  capacity  in  a single  generating  unit  than 
either  gas  turbines  or  diesel  units. 

Each  type  of  peaking  unit  referred  to  above  has  a range  of  appli- 
cation in  which  it  is  superior  to  the  other  two  types.  For  strictly 
peaking  dutv--with  usage  of  up  to  200  to  400  hours  per  year  at  ratlng-- 
anv  of  the  three  types  are  superior  to  conventional  base-load,  steam- 
electric  units.  For  spinning  reserve  operation,  gas  turbine  and  diesel- 
engine  units  are  superior  in  small  capacities  and  the  steam  peaking  unit 
is  Superior  in  the  medium  and  large  capacities. 
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The  variable  cost  of  fuel  for  any  generating  plant  Is  an  Important 
compontent  of  the  total  cost  of  production  of  energy  from  that  plant. 

The  other  major  cost  component  is  the  fixed  charge  resulting  from  the 
original  investment  in  land  and  facilities.  At  base-load  plants,  var- 
iable fuel  costs  are  much  more  Important  than  at  peaking  plants.  Con- 
versely, at  peaking  plants  low  fixed  charges  are  more  important  than 
the  level  of  variable  fuel  costs. 

NUCLEAR-FUELED  PLANTS 

In  less  than  30  years,  the  application  of  nuclear  energy  to  gen- 
erate electric  power  has  evolved  from  the  laboratory  into  commercial 
use.  Emerging  into  a wel 1-established  field  of  keen  competition  in 
electric  power  generation,  nuclear  electric  energy  generating  olants  now 
under  construction  are  expected  to  compare  favorably  in  terms  of  power 
costs  with  other  base-load  power  plants.  This  competition  has  contrib- 
uted to  major  reductions  in  the  price  of  coal  and  coal  transport  Tnd  has 
stimulated  improvement  in  other  alternative  power-generating  sources. 

The  demonstration  that  nuclear  power  is  practicable,  safe,  reliable, 
and  economically  feasible  is  sufficient  to  assure  its  utilization.  In 
the  Willamette  Valley,  nuclear  power  can  probably  provide  base-load 
electric  energy  at  a cost  lower  than  most  other  ootentlal  sources. 

Historically,  nuclear  plants  have  cost  more  to  construct  than  con- 
ventional steam-electric,  base-load  plants.  Until  recently,  capital 
costs  of  nuclear  plants  had  been  declining  rapidly  on  a per-unit  capac- 
ity basis  as  the  size  Increased.  It  is  unlikely  that  capital  costs  of 
a nuclear  plant  will  ever  fall  to  the  current  level  of  fossil-fueled 
plants.  However,  the  variable  cost  of  nuclear  fuel,  if  it  is  low 
enough,  can  offset  the  higher  capital  cost  of  a base  loaded  nuclear 
plant  and  make  it  economically  competitive  with  a fossil-fueled  plant. 

A more  specialized  operating  staff  is  required  for  a nuclear  plant  than 
for  "conventional"  power  plants. 

Like  ordinary  fossl 1-fuel-fired , steam-electric  plants,  nuclear 
t power  plants  use  heat  to  produce  steam  to  drive  turbine  generators. 

The  major  difference  is  that  fossil-fuel-fired  plants  use  heat  produced 
by  combustion  of  fossil  fuel  in  a furnace,  while  nuclear  plants  use 
heat  produced  by  fission  of  nuclear  fuels  in  a reactor.  Basically,  a 
nuclear  steam-supply  system  is  substituted  for  the  fossil  fuel  furnace 
and  boiler.  Shielding  must  be  provided  to  contain  hazardous  radiation, 
and  special  containment  facilities  and  other  safety  features  must  be 
Incorporated  to  prevent  the  escape  of  radio-active  material  in  the  un- 
likely event  of  a reactor  accident. 

At  present,  large  light-water  nuclear  plants  waste  about  two-thirds 
of  the  total  heat  generated,  due  to  low  thermal  efficiencies.  High- 
temperature,  gas-cooled  reactors  v’tll  operate  at  efficiencies  of  40  per- 
cent or  better.  Fast  Breeder  Reactors  presently  under  development  are 
also  expected  to  have  cvcle  efficiencies  of  40  percent  or  better;  these 
FBR's  are  expected  to  become  commercially  competitive  by  the  late  I'iRO's. 
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Photo  IV-3.  Tyoiaat  Natural-draft  Cooling  Towers  (Tennessee  Valley 
Authority  Photo), 


The  problem  of  condensing  the  steam  discharged  from  the  turbines 
is  coninon  to  both  conventional  fossil-fuel  steam  plants  and  nuclear 
steam  plants.  Water,  the  usual  coolant  pumped  through  the  condenser, 
absorbs  unusable  heat  given  up  bv  the  condensing  steam. 

Present  turbine-generators  In  thermal  power  plants  operate  most 
efficiently  with  a condensing  temperature  of  90-95  degrees  Fahrenheit. 
This  relatively  low-temperature  heat  has  no  present  market  and  is, 
therefore,  wasted. 

Heat-Dissipation  Systems 

The  heat-dissipation  systems  applicable  to  either  large  nuclear  or 
fossil -fueled  power  stations  are:  once-through  cooling,  evaporative, 

and  dry  exchange. 

Once-through  Cooling  Systems 

Power  plants  using  once-through  cooling  systems  need  an  adequate 
water  supply;  therefore,  they  must  be  located  along  rivers,  lakes,  and 
tidewaters.  Water  is  pumped  through  condensers,  absorbs  heat,  and  is 
returned  to  the  source.  Once-through  cooling  systems  are  usually  the 
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simplest  and  least  expensive  when  sufficient  cooling  water  is  available.  II 

The  heat-dissipation  rate  from  a 1 ,000 , 000-kilowatt  nuclear  power  plant  | 

of  7 billion  British  Thermal  Units  per  hour  require  about  1,600  cubic  I 

feet  per  second  (720,000  gallons  per  minute)  of  water  to  limit  the  cool-  | 

ant  temperature  rise  to  not  more  than  20  degrees  F.  The  cost  of  a fresh-  I 

water,  once-through  system  will  normally  be  A or  5 percent  of  the  direct  | 

construction  costs  for  the  plant  as  a whole.  Salt-water  systems  cost  | 

more  due  to  the  expense  of  noncorrosive  materials,  water  treatment,  and  | 

other  facilities,  I 

Evaporative  Cooling  Systems  ij 

Some  plant  locations  may  not  have  an  adequate  water  supply  for  once- 
through  cooling.  Imposed  temperature  limitations,  excessive  costs  for 
pumping,  or  other  restrictions  may  also  rule  out  the  use  of  a once- 
through  system. 

Normally,  an  evaporative  cooling  system  uses  natural-  or  mechanical- 
draft  cooling  towers,  cooling  ponds,  or  spray  ponds.  These  systems  cool 
the  recirculating  water  primarily  by  evaporation,  augmented  by  convec- 
tive transfer  of  heat  to  the  atmosphere  and,  in  some  cases,  by  radiation 
of  heat.  Evaporative  cooling  systems  require  much  less  water  than  once- 
through  systems.  The  water  make-up  requirements  for  a 1,000,000-kilowatt 
nuclear  power  plant  may  range  from  25  to  100  cfs.  These  systems  efect 
virtually  the  entire  heat  load  to  the  atmosphere  rather  than  to  bodies 
of  water,  thus  avoiding  thermal  effects  on  water  quality  or  aquatic  life. 
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Compared  to  once-through  cooling  systems,  the  evaporative  systems 
have  several  disadvantages.  Thev  require  greater  capital  expenditures 
and  Dumping  power  costs.  They  usually  have  higher  condenser  tempera- 
tures , which  lower  the  capacity  and  efficiency  of  the  turbines,  result- 
ing in  higher  generating  costs.  Furthermore,  they  use  water  consump- 
tively; the  plant,  therefore,  competes  for  water  supply  with  irrigation, 
municipal,  industrial,  and  other  uses. 

The  operation  of  a cooling  tower  or  pond  might  introduce  unwelcome 
atmospheric  conditions,  such  as  fogging  or  "drizzle"  dwmwind  of  the 
plant  under  some  conditions.  Disposing  of  "blowdown"  flows  from  the 
system  is  also  a problem.  This  blowdown  flow,  1 to  A cubic  feet  per 
second,  consists  of  water  heavily  burdened  with  dissolved  solids,  both 
the  naturally  occurring  substances  in  highly  concentrated  form  and 
chemicals  added  for  required  treatment  of  the  water  system. 

Natural-Draft  Cooling  Towers  - Natural-draft  systems  utilize  the 
density  difference  between  the  heated,  essentially  saturated  air  within 
the  tower  and  the  atmospheric  air  surrounding  the  tower,  to  establish 
and  maintain  circulation  of  air  through  the  structure.  The  major  struc- 
tural feature  of  a natural-draft  tower  is  a tall,  hollow  hyperbolic 
shell  which  acts  as  a chimney  and  creates  a draft  for  air  circulation. 
Cooling  actually  takes  place  in  the  lower  part  of  the  tower.  These 
towers  are  quite  large,  on  the  order  of  AGO  to  500  feet  high  and  about 
300  to  350  feet  in  base  diameter. 
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COLD  WATER 
BASIN 


Figure  'latural-Pvaft  fewer.  Wet  type  (evaporative ) aounterflew. 

Some  1,000,000-kilowatt  nuclear  plants  would  use  two  towers,  each 
having  a design  flow  of  about  300,000  gallons  per  minute  and  a heat  load 
of  3,600,000,000  Btu/hr,  The  average  annual  evaporation  rate  would  he 
about  32  cfs.  If  such  a plant  were  contlnuouslv  operated  at  full  capac- 
Itv  (100  percent  plant  factor),  the  total  water  consumption  due  to  evap- 
oration would  be  about  23,000  acre-feet  per  year.  The  capital  costs  of 
natural-draft  tower  svstems  for  a 1 ,000 ,000-kl lowatt  Installation  are 
$8  to  $d  million  more  than  for  comparable  once-through  cooling  systems. 


A single  natural-draft  tower  currentlv  being  designed  for  the  Tro- 
ian 1 ,100, DOO-ki lowatt  nuclear  plant  would  use  352,000  gallons  of  cool- 
ing water  per  minute  with  a heat-  load  of  7,900,000,000  Btu/hr,  This 
will  be  the  heaviest  heat  load  handled  bv  a single  tower.  The  estimated 
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capital  cost  is  about  $5  million  more  than  a once-through  cooling  svstem 
Figure  lV-4  shows  a natural-draft  tower, 
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Tuo  Mechaniccil  Draft  CoolTna  Touera,  Cross  Flow 
(Marl^v  Photo), 


Photo  IV~4 


Mechanical-Draft  Cooling  Towers 


Systems  with  mechanical-draft 
cooling  towers  perform  the  same  function  as  natural-draft  systems,  but 
in  a different  manner.  The  towers  house  the  packing  and  water-distribu 
t ion  systems;  a large  propel ler-type  fan  in  the  top  of  a tower  cell 
draws  air  in  through  the  packing  and  exhausts  it  above  the  tower  cell. 
The  available  capacity  of  a single  fan  limits  the  cell  size  to  about  35 
to  40  feet  on  a side  and  from  20  to  SO  feet  high.  A 1 ,000 ,000-ki lowat t 
nuclear  power  plant  might  require  32  to  3h  cells,  widely  spaced  to  min- 
imize air  recirculation,  covering  a ground  area  some  320  by  1,200  feet 
(about  ^ acres).  A plant  of  this  size  would  require  about  4,800  horse- 
power for  fan  operation. 
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about  $4  million  for  a 1,000,000-kilowatt  plant.  However,  operating  and 
maintenance  costs  are  considerably  higher.  These  towers  are  also  more 
apt  to  cause  ground  fogging  and  "drizzle"  in  the  vicinity  of  the  plant 
than  the  natural-draft  towers.  Photo  IV-4  shows  the  wet-type  mechanical 
draft  cooling  tower  in  operation. 

Cooling  Ponds  - At  sites  with  available  land  and  favorable  terrain, 
the  cooling-pond  method  may  be  considered.  With  suitably  flat  land,  a 
pond  can  be  constructed  merely  by  enclosing  it  with  earth  dikes;  also, 
an  existing  lake,  or  river  flood  plain,  may  be  utilized  as  a cooling 
pond.  A pond  capable  of  serving  a 1,000,000-kilowatt  nuclear  power 
plant  would  require  about  2,000  acres  of  surface  area  with  a depth  of 
from  15  to  20  feet.  The  exact  amount  of  surface  area  would  depend  upon 
climatic  conditions,  local  winds,  and  humidity. 

A cooling  pond  must  be  sized  to  dissipate  not  only  the  heat  removed 
from  the  condensers,  hut  also  the  heat  of  sunlight  incident  to  the  pond. 
For  a pond  large  enough  to  serve  a 1,000,000-kilowatt  plant,  the  solar 
thermal  load  may  equal  or  exceed  that  imposed  by  the  plant.  Seepage  may 
also  cause  a loss  of  water.  Both  of  these  effects  add  to  the  consumptive 
use  of  water  by  a cooling  pond.  The  solar  effect  will,  in  warm  summer 
weather,  approximately  double  the  evaporation  rate  of  water  as  compared 
to  a cooling  tower. 

Spray  Ponds  - This  type  of  cooling  considerably  reduces  the  amount 
of  surface  area  needed  in  a pond,  since  the  hot  water  is  sprayed  into 
the  pond  through  a system  of  nozzles.  The  cooling  occurs  while  the  water 
falls  through  the  air.  In  operation,  a spray  pond  is  actually  interme- 
diate between  a cooling  pond  and  cooling  tower.  This  type  of  cooling  is 
subject  to  a high  windage  loss  of  water.  Although  a spray  pond  is  an 
attractive  cooling  device  for  smaller  heat  loads,  this  type  of  cooling 
system  for  a large  nuclear  power  plant  would  be  more  expensive  than  a 
quiescent  pond  or  a cooling  tower. 

Hybrid  Cooling  Systems 

When  river  flows  are  marginal  for  once-through  cooling,  or  thermal 
restrictions  are  imposed  on  plant  effluents  so  that  once-through  cool- 
ing would  be  operable  for  onlv  part  of  the  year,  a hvbrid  system  which 
combines  two  types  may  be  necessary.  In  such  cases,  it  might  be  desir- 
able to  install  an  evaporative  system  sized  to  full  plant  capacity  for 
operation  only  when  once-through  cooling  could  not  be  used.  The  capital 
cost  of  the  hvbrid  system  would  be  equal  to  or  greater  than  a full-scale 
evaporative  system, 

Dfv-F.xchange  Tooling  Systems 

Dry-exchange  cooling  systems  have  certain  advantages  in  that  the 
circulating  water  system  need  not  be  separated  from  the  condensate  sys- 
tem and  the  water  is  pumped  directly  to  the  tower.  All  the  heat  is 
dissipated  by  convective  exchange.  Natural-draft  or  forced-draft  towers 
mav  be  used.  With  condensate-quality  water  used  throughout  the  system, 
problems  of  scaling,  corrosion  and  fouling  of  watersill  heat-exchange 
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Photo  IV~S.  A Thermal  Plant  Using  a Hybrid  Cooling  System  (TVA  Photo), 


surfaces  are  minitnized.  This  type  of  system  consumes  very  little  water, 
often  a vital  consideration  In  water-short  areas. 

However,  the  cost  of  the  extensive  tower  olping  and  extended  sur- 
face construction  (such  as  finned  tubing)  required  for  drv-exchange 
systems  may  be  four  to  five  times  that  of  an  evaporative  system.  For  a 
1 ,000  ,f)00-ki  Iowa  tt  nuclear  power  plant,  the  cost  of  such  a system  would 
be  prohibitive  for  anv  normal  situation.  Such  a system  would  be  con- 
sidered only  when  sufficient  water  is  not  available  for  operation  of 
other  types  of  cooling  systems. 

Land  Area  Requirements  and  Uses 

The  decision  of  where  to  locate  a large  thermal  generating  station 
presents  one  of  the  most  challenging  problems  an  electric  utility  faces 
when  planning  to  add  capacity  to  obtain  a power  supply  at  the  lowest 
cost.  Factors  considered  include  distribution  of  load,  load  growth, 
existing  and  prospective  patterns  of  loading  of  the  transmission  system, 
interconnections  with  other  systems,  availability  of  land,  foundation 
conditions,  and  availability  of  cooling  water.  There  is  also  a growing 
concern  that  thermal  discharges  might  harm  the  environment  (atmosphere 
fogging,  icing,  and  temperature  rises  in  streams,  lakes,  and  ocean 
water  due  to  cooling-water  discharge), 

federal  regulations  and  other  considerations  establish  the  minimum 
required  site  area  for  nuclear  plants,  A 1 ,000 ,000-ki Icwatt  light-water 
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moderaterl  nuclear  plant  site  will  need  a minimum  exclusion  area  havlnf*  a 
radius  of  1,000  feet.  The  term  "exclusion  area”  Is  defined  as  an  area 
imnedlatelv  surrounding  a nuclear  reactor  where  human  habitation  Is  pro- 
hibited to  assure  safetv  in  the  event  of  accident.  The  exclusion  area 
required  for  this  slae  of  nuclear  plant  site  would  contain  about  630 
acres,  plus  easements  and  access  ri phts-of-wav.  For  waterfront  sites, 
the  required  land  area  will  approximate  a semicircle  of  some  123  to  350 
acres.  A site  on  a peninsula  may  require  a much  smaller  area.  The  ex- 
clusion area  mav  varv  in  shape  from  site  to  site  depending  upon  local 
terrain,  prior  subdivisions,  and  the  Inclinations  of  the  owners.  This 
area  including  both  land  and  water  must  be  controlled  by  the  plant  owner. 

Federal  regulations  specifically  permit  traversing  the  exclusion 
area  of  a nuclear  power  plant  by  highways,  railroads,  or  waterways.  Ac- 
tivities unrelated  to  operation  of  the  reactor  may  be  permitted  in  an 
exclusion  area  under  appropriate  limitations,  provided  that  no  signifi- 
cant hazar<ls  to  public  health  and  safety  will  result.  The  owner  may, 
with  Federal  approval,  allow  agriculture,  compatible  industries,  hunting 
and  fishing,  and  even  picnicking  in  the  exclusion  area  providing  there 
are  no  overnight  facilities.  Arrangements  must  be  made  for  radiation 
monitoring,  evacuation,  and  other  safety  precautions. 

The  number  of  good  sites  available  for  large  thermal  generation 
stations  is  decreasing  because  of  competing  demands  for  land  and  water 
required  to  service  the  growing  population  and  fulfill  its  recreational 
needs.  The  interests  of  the  electric  utilities  and  their  customers  can 
best  be  served  bv  constructing  the  largest  economlcallv  justified  gen- 
erating complex  on  each  site  selected.  Experts  in  reactor  design  pre- 
dict that  bv  IdfiO,  single  units  of  1,500,000-kilowatts  capacity  will  be 
in  use  in  multi-unit  plants,  which  will  have  a total  installed  capacity 
of  more  chan  6 million  kilowatts. 

The  handicap  of  restrictive  site  requirements  in  some  localities 
could  be  overcome,  at  least  partially,  by  including  several  reactor 
units  on  a single  site.  This  would  require  that  the  isolation  and  safe- 
tv provisions  at  the  individual  reactors  are  such  that  an  accident  at 
one  reactor  would  not  endanger  the  nuclear  complex.  In  this  case,  an 
exclusion  area  not  much  larger  than  that  provided  for  a single  reactor 
probably  would  suffice.  Unit  costs  could  also  be  reduced  by  use  of  a 
reactor-fuel  handling  and  maintenance  facility  common  to  all  units,  and 
bv  the  use  of  other  common  facilities. 

By  fully  exploiting  the  advantages  of  multi-unit  nuclear  stations, 
lower  power  costs  as  well  as  other  benefits  could  be  realized.  The 
capital-cost  outlav  could  be  shared  by  several  utility  systems  and  re- 
sult in  establishment  of  a nuclear  generation  center.  While  such  a 
development  would  reduce  the  number  of  nuclear  plant  sites,  conserve 
valuable  land,  and  provide  economies  of  construction  and  operation,  the 
cost  of  transmitting  power  from  such  a single  large  source  throughout  a 
large  market  area  would  have  to  be  compared  to  the  cost  of  transmitting 
from  several  strategically  located  and  dispersed  smaller  sources  and  the 
disadvantage  to  national  defense  from  a large  concentration  of  capacity. 
However,  a 1 arge-capac Ity  transmission  grid  covering  broad  areas  of  the 
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country  would  tend  to  minimize  unit  transmission  costs  and  would  result 
in  additional  ootential  savings  in  customer  power  costs. 

Power  r.ener ation  and  Costs  ot  Nuclear  Plants 


Nuclear  plants  to  be  built  In  the  next  decade  in  the  Willamette 
Valley  and  those  to  be  constructed  in  the  distant  future  can  be  expected 
to  operate  at  relatively  high  capacity  factors  (80  to  90  percent),  be 
cause  this  manner  of  operation  takes  the  greatest  advantage  of  the 
plant's  low  energy  costs.  However,  experience  with  existing  plants 
operating  elsewhere  In  the  United  States  has  shown  that  nuclear  plants 
can  follow  load  variations,  i.e.,  be  operated  at  low  capacity  factors 
of  40  to  60  percent  if  necessary. 

The  capital  and  operating  costs  of  nuclear  plants  determine  whether 
or  not  such  plants  are  economically  competitive  with  other  types  of 
thermal  power  plants.  With  nuclear  plants,  perhaps  even  more  than  with 
fossil-fuel  thermal  plants,  installations  with  larger  units  tend  to 
cost  less  per  kilowatt  to  construct  and  to  produce  energy  at  lower  unit 
costs. 


Maximum  Nuclear  Power  Requirements  for  Willamette  Basin 

As  stated  previously,  nuclear  power  plants  will  be  operated  primar- 
ily to  supply  base-load  energy  requirements  in  the  Pacific  Northwest  and 
Willamette  Basin,  Hydroe i <-cti ic  generation,  both  from  within  and  out- 
side the  basin,  will  supply  most  of  the  peaking  generation  required, 
especially  during  the  early  years. 

Most  of  the  information  available  on  land  and  water  requirements 
for  nuclear  power  plants  is  for  the  1 ,n00,000-kllowatt , single-unit  size. 
If  all  the  hasln's  energy  requirements  in  2020  are  to  be  supplied  by 
nuclear  power  plants  within  the  basin,  the  equivalent  of  fifty-nine 
1.000.000-kilowatt  plants  would  he  required.  The  capacity  associated 
with  the  base  load  energy  would  he  supplemented  by  importation  of  hydro 
peaking  or  by  generation  at  pumped-storage  plants  or  other  peaking  plants 
located  within  the  basin.  The  following  table  shows  the  maximum  land 
and  water  requirements  in  the  basin  if  all  the  capacity  was  assumed  to 
be  built  in  flf tv-nine  1 ,000,t)00-kilowatt  nuclear  plants  with  a single 
type  of  cooling  system: 


Table  IV-4 

Potential  Lana  ‘Ond  Water  .■■ie(7ui regents  r'cr  b9  NuaLear  Plants 


Cooling  System 

Site 

Area 

(Acres) 

Cooling 
Pond  Area 
(Acres ) 

Cooling 

Water 

(CFS) 

Water 

Consumed 

(CFS) 

Once-through 

20,6S0 

94,400 

71 

Evaoorati ve* 

3fl,3SO 

- 

- 

2,124 

Ponds 

17,700 

88,100 

- 

3.S40 

*For  either  natural  draft  or  Induced  draft  cooling  towers. 


IV-24 


r 


ik 


» 


The  tlRures  presented  here  are  for  maximum  requirements.  Actually, 
various  types  of  cooling  systems  will  probably  be  used.  Also,  many  of 
the  plants  may  be  located  outside  the  Willamette  Basin,  on  the  coast, 
or  on  large  lakes. 

Possible  Nuclear  Power  Development  in  Willamette  Basin 


The  Bonneville  Power  Administration  research  report,  "Nuclear  Power 
Plant  Siting  In  the  Pacific  Northwest,"  by  Battelle  Northwest,  presents 
two  example  sites  for  nuclear  power  plants  In  the  Willamette  Basin. 

Both  of  these  1 ,ono,000-ki lowatt  nuclear  power  plant  sites  would  require 
evaporative  cooling  systems.  One  site  in  the  middle  part  of  the  Willam- 
ette Basin  is  on  the  Santiam  River,  The  other  site  is  in  the  southern 
part  of  the  basin  on  the  Willamette  River, 

The  Eugene  Water  and  Electric  Board  has  under  consideration  a 
1 ,000, OnO-kl lowatt  nuclear  power  plant.  In  July  1967,  the  Board  voted 
to  seek  out  an  engineering  firm  to  make  preliminary  design  and  site 
studies.  A bond  issue  for  financing  the  plant  was  authorized  on  Novem- 
ber S , 1P68,  by  the  electorate.  Site  selection  studies  are  well  under- 
wav.  EWEB  plans  for  operation  of  the  plant  to  begin  about  the  end  of 
1976. 


Portland  General  Electric  Company  is  building  the  Troian  nuclear 
generating  plant  on  the  Oregon  side  of  the  Columbia  River  4.5  miles 
south  of  Ranler.  The  site  is  onlv  a few  miles  outside  the  northern 
boundary  of  the  Willamette  Basin.  The  600-plus-acre  site  is  near  large 
electrical  loads  (Portland  is  42  miles  southeast  of  the  site).  The 
plant,  which  Includes  a large  cooling  tower,  has  been  granted  a waste 
discharge  permit  by  the  Oregon  State  Environmental  Commission.  The 
Troian  plant  will  generate  more  than  a million  kilowatts  of  electricity 
from  the  atom  when  completed  In  1974,  It  is  expected  to  cost  $206 
million. 

Pacific  Power  and  Light  Company  has  considered  a prospective  site 
for  a large  thermal-electric  plant  east  of  Lebanon,  Oregon.  However, 
development  on  this  site  has  been  delayed, 

FUTURE  TRANSMISSION  FACILITIES 

Providing  sufficient  rlghts-of-way  for  the  increasing  number  of 
transmission  lines  presents  one  of  the  utilities'  biggest  problems. 

This  will  be  particularly  true  for  the  movement  of  power  from  the  main 
sources  of  generation  east  of  the  Cascade  Range  to  the  population  and 
Industrial  load  centers  to  the  west.  The  Pacific  Northwest  load  Is 
estimated  to  Increase  from  about  Ij  gigawatts  (13,000,000  kilowatts)  in 
1^165  to  approximately  01  gigawatts  In  2000  and  229  gigawatts  by  2020, 

The  Willamette  Basin  will  experience  load  growth  from  2,65  giga- 
watts in  19b5  to  27,3  gigawatts  at  the  turn  of  the  century  and  bi.g 
gigawatts  bv  2020.  Local  thermal  generation  will  be  installed  to  meet 
much  of  the  increase  in  energy  loads.  However,  some  large-block,  extra- 
hlgh-voltage  power  transmission  from  areas  outside  of  the  basin  will 
likely  be  necessary  to  meet  peak  demands. 
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Photo  TV-6,  600-kv  Trans mia a ion  Line  (USBPA  Photo), 


By  1P90,  when  virtually  all  of  the  feasible  hydro  sites  in  the 
Northwest  will  have  been  developed,  loads  are  expected  to  more  than 
triple  1970  levels.  This  will  require  transmission  additions  almost 
double  the  capacity  previously  built.  (See  Map  II-3). 

At  present,  with  an  essentially  all-hydro  system,  three-fourths  of 
the  load  requirements  for  the  Willamette  Basin  are  imported  from  hydro- 
electric generation  sources  east  of  the  Cascades.  As  the  transition  to 
a thermal-generation  base  progresses,  such  plants  within  or  adlacent  to 
the  basin  will  be  needed  to  meet  more  and  more  of  the  area's  load  re- 
quirements. However,  these  will  be  primarily  base-load  plants,  with 
peaking  requirements  largely  supplied  by  hvdroelectrlc  plants  east  of 
the  Cascades.  This  means  construction  of  new  transmission  lines  into 
the  Basin  with  attendant  increases  in  rights-of-way.  Some  additional 
north-south  lines  will  also  be  needed  to  provide  Integration  and  hulk- 
load  power  transfers  within  the  basin  and  with  adjacent  load  areas. 


By  the  fall  of  1970,  three  500-kilovolt  lines  into  the  Willamette 
Basin  will  be  needed  in  addition  to  the  existing  230-kilovolt  system. 

By  1980,  the  equivalent  of  seven  500-kllovolt  lines  into  the  area  will 
be  needed;  and  bv  1990,  the  transmission  equivalent  of  ten  500-kllovolt 
lines  will  be  necessarv,  Comnetlng  needs  for  land  use  will,  no  doubt, 


preclude  the  construction  of  this  many  transmountain  lines.  This  total 
even  exceeds  the  estimated  capacity  of  the  available  mountain-pass 
routes.  Clearlv,  other  measures  for  providing  the  necessarv  transmis- 
sion capacity  arc  required,  such  as  Increasing  the  capacltv  per  circuit 
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or  developing  new  methods  of  electric  power  transmission.  Possible 
transmission  development  for  the  basin  bv  19*^0  1s  shown  on  Map  IV-2, 

The  regional  transmission  grid,  including  lines  in  the  Willamette,  Is 
shown  on  Map  IV-3.  Present  plans  call  for  the  construction  of  several 
of  these  lines  at  voltage  levels  in  excess  of  500  kilovolts. 

LAND  REQUIREMENTS 

The  land  required  for  electric  power  transmission  has  been  a prob- 
lem not  only  In  areas  of  concentrated  population,  but  through  urban, 
rural,  lorested,  recreation,  and  other  areas  as  well.  However,  as 
transmission  voltages  increase,  the  land  required  per  kilowatt  for 
transmission  rlght-of-wav  decreases.  Future  transmission  lines  must 
have  marked Iv  greater  power  transmission  capacities  per  right-of-way  to 
reduce  their  impact  on  land  use  and  remain  within  the  limits  of  avail- 
able rlghts-of-way.  Increasing  transmission  voltage  levels  provide  one 
method  of  accomplishing  this,  since  line  capacity  Increases  approximate- 
ly as  the  square  of  the  voltage.  For  example,  one  500-kllovolt  line 
carries  four  times  as  much  power  as  a 230-kilovolt  line;  yet,  its  150- 
foot  right-of-way  is  only  75  feet  wider  than  that  of  a 230-kl’ovolt  line. 

By  l9Rf1,  there  will  he  in  operation,  planned,  or  under  construction 
some  510  circuit-miles  of  500-kilovolt  or  higher  capacity  lines  in  the 
Willamette  Basin,  The  land  requirements  for  these  lines  would  approxi- 
mate 9,800  acres  it  new  rights-of-wav  were  required  for  all.  However, 
portions  of  the  new  lines  will  be  routed  over  existing  rights-of-way 
now  occupied  by  lower-voltage  lines  which  will  be  retired.  This  will 
increase  the  transmission  capacity  per  right-of-way  and  reduce  the  need 
for  new  rlghts-of-wav. 

Additional  230-kilovolt  transmission  lines  in  the  Willamette  Basin 
will  also  be  required.  These  lines  will  serve  as  integrating  lines 
within  the  area  and  as  sub-transmission  for  customer  service. 

Whatever  future  land  requirements  mav  develop,  the  need  for  careful 
location  of  transmission  corridors  with  respect  to  other  land  uses  will 
continue.  Where  possible,  planners  will  route  transmission  lines  through 
areas  having  the  least  conflict  with  other  uses. 

rf.sfj\rch  ano  development 

One  transmission  alternative  under  serious  study  is  that  of  going 
to  voltage  levels  in  excess  of  500  kilovolts.  Several  700-kllovolt 
class  lines  are  in  operation  or  under  construction  in  this  and  other 
countries.  Since  a 700-ki|ovott  line  has  approximately  twice  the  capac- 
ity of  a 500-kilovolt  line,  use  of  this  voltage  level  as  an  overlay  to 
the  extensive  50O-kllovolt  grid  being  developed  would  reduce  the  circuits 
required  and  the  impact  on  land  use. 

Studies  are  also  nroctresslng  on  1 ,000-kl  lovo  1 1 transmission  facil- 
ities. A 1,000-kilovolt  line  has  annroxlmatelv  four  times  the  capacity 
of  a 500-klIovolt  line.  This  voltage  level  could  reduce  the  total  number 
of  lines  still  further.  However,  to  maintain  reliabilitv  and  continuity 


of  service,  an  orderly  strengthening  of  the  system  is  needed  (at  500 
kilovolts)  before  going  to  the  higher  voltage.  The  higher  the  line  ca- 
pacity, the  greater  the  impact  on  the  system  when  that  line  is  lost  due 
to  a short  circuit  or  some  other  contingency.  Further  studies  are  neces- 
sary to  determine  the  optimum  level  of  voltage  for  the  circuits  compris- 
ing the  next  grid  overlay,  both  from  a technical  and  an  economic  stand- 
point . 

The  laving  of  underground  cable  on  existing  rights-of-way  is  another 
method  of  increasing  the  transmission  capacity  of  each  right-of-way. 
Today,  this  method  would  cost  10  - 25  times  as  much  per  kllov’att  as  over- 
head lines.  Research  continues  because  in  certain  areas,  such  as  large 
metropolitan  centers,  underground  transmission  is  the  only  acceptable 
method.  In  this  case,  transmission  distances  are  short  and  the  increased 
costs  have  much  less  Imnact  on  system  power  costs  than  for  a transmission 
distance  of  100  - 300  miles. 

Direct-current  transmission  may  be  employed  for  large-block  power 
transfers  in  future  vears.  At  the  present  time,  direct  current  can 
compete  economically  with  alternating-current  transmission  only  when 
distances  are  greater  than  anproximat e Iv  500  miles  for  overhead  lines 
and  30  - f>0  miles  for  underground  cables.  Direct-current  terminals  are 
more  complex  and  costly  than  a-c  substation  equipment,  but  d-c  line 
costs  are  only  about  two-thirds  those  of  alternating  current.  Since 
most  future  transmission  distances  in  the  Northwest  will  be  less  than 
300  miles,  direct  current  will  provide  no  economic  benefit  unless  ter- 
minal costs  can  be  markedly  reduced.  Some  practical  advantages  of  d-c 
are:  (1)  the  more  sophisticated  controls  help  damp  oscillations  and 

undesirable  power  surges  from  the  a-c  svstem  with  which  it  is  ln”cercon- 
nected  and  (2)  the  ability  to  add  ma^or  power  Infeeds  to  a system  with- 
out increasing  short  circuit  duties  cm  existing  equipment.  If  other 
factors  reoulre  going  underground,  direct-current  cables  could  become 
verv  attractive. 

The  cryogenic  (low  temperature)  field  may  accelerate  the  use  of 
d-c  transmission  with  the  development  of  superconducting  cables  having 
many  times  the  capacity  of  conventional  lines  or  cables.  By  refrigerat- 
ing the  conductors  to  temperatures  near  absolute  zero,  a system  can  at- 
tain transmission  of  power  essentially  without  losses  thus  allowing 
verv  high  power  flows  per  circuit.  Even  though  the  cost  per  circuit 
would  be  high,  the  unit  cost  per  kilowatt  transmitted  could  be  quite 
low. 

Research  is  progressing  on  superconductors,  but  thus  far  no  signif- 
icant breakthroughs  have  resulted.  Successful  development  of  an  ambient- 
temperature  superconductor  would  revolutionize  the  whole  field  of  power 
transmissi on. 

EFFECTS  OF  THERMAE  PLANT  LOCATION 


Thermal  plants  will  in  general  be  located  adlacent  to  or  near  the 
malor  load  centers  to  minimize  transmission  costs,  both  in  facilities 


required  and  in  transmission  losses. 


Of  course,  a number  of  other 
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factors  will  influence  plant  location.  Among  these  are  environmental 
geologic  cons! derat i ons  and  the  desire  of  the  constructing  agencies  t< 
locate  thermal  plants  within  their  service  area. 


Studies  based  upon  transmission  considerations  alone  have  been  mj 
for  determining  the  optimum  scheduling  and  location  of  these  plants 
through  IdftS.  Results  Indicate  that  the  preponderance  of  the  new  thei 
mal  plants  to  be  constructed  by  IPRS  should  be  located  west  of  the  Cai 
cades  and  south  of  Puget  Sound,  Power  normally  flows  to  the  West  and 
South  in  the  western  portion  of  the  Northwest  grid.  The  Portland  arei 
is  approximately  100  miles  farther  from  the  large  mid-Columbia  general 
ing  complex  than  the  Puget  Sound  region.  In  effect,  locating  a plant 
in  the  Portland  area  rather  than  Puget  Sound  would  save  approximately 
100  miles  of  transmission  line  plus  resultant  line  losses.  This  patt« 
would  continue  during  the  early  period  of  thermal  additions  only,  Wh( 
the  north-south  flows  on  the  coastal  grid  are  reduced  to  low  values,  I 
distribution  of  new  thermal  plants  will  follow  the  load  growth  patten 

PROBLEMS 

Future  demands  to  satisfy  electric  power  requirements  of  the  Wli; 
mette  Basin  will  create  two  general  problems — competition  among  varioi 
land  and  water  uses,  and  disposal  of  thermal  plant  cooling  water. 

Fluctuations  of  electric  power  demands  will  normally  be  met  by  it 
tegrated  production  from  thermal  and  hydro  plants.  An  important  valut 
of  the  hydro  plants  in  the  basin  will  be  their  ability  to  produce  peal 
ing  power,  Peaking-power  generation  usually  requires  reregulation  of 
power  plant  releases.  Development  of  the  remaining  Willamette  Basin 
conventional  hydroelectric  sites  will  require  reregulation  facilities 
If  they  are  to  be  operated  as  high-capacity  peaking  plants. 

Technological  advances,  Increased  competition  for  water,  and  use 
of  surplus  thermal  energv  to  supply  pumped-storage  plants  will  aid  in 
assuring  the  feasibility  of  thermal  plants.  While  the  basin  is  expec 
to  remain  a power-deficient  area,  large  thermal  plants — nuclear  or  foi 
sll-fueled — will  probably  become  a reality  in  the  basin  and  he  coordli 
ted  with  hydroelectric  plants  to  keen  power  Imports  to  a minimum. 

Competition  among,  power  generation,  distribution,  and  other  usua 
more  publicized  land  and  water  uses  has  increased  greatlv  in  the  oast 
few  years  and  will  become  critical  in  the  future.  Irrigation,  fish  ai 
wildlife,  recreation,  power,  flood  control,  municipal  water  supply, 
navi  gat  ior, , and  water  quality  control  are  uses  which  must  be  consideri 
in  the  managennent  of  water  resources.  Water  scheduling  practices  in 
managing  mu  1 tip le-ournose  reservoir  are  helping  to  minimize  competlt 
between  water  uses. 

High-voltage  transmission  lines  may  eventually  be  placed  under- 
cround,  thus  alleviating  problems  involving  agriculture,  timber,  and 
aesthetic  interests. 
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The  lack  of  large  coal  deposits  In  the  basin  will  preclude  the  con- 
struction of  large  fossil-fuel,  steam-electric  plants  and  favor  construc- 
tion of  nuclear  plants.  Another  factor  favoring  nuclear  plants  Is  that 
air  pollution  from  the  alternative  fuel-fired  plants  is  avoided. 

Disposal  of  thermal-plant  cooling  water  is  one  of  the  economic 
problems  facing  power  interests.  Most  of  the  rivers  of  the  basin  are 
too  small  or  too  warm  to  permit  disposal  of  heated  discharges  from  large 
thermal  plants.  The  water  quality  standards  of  the  State  of  Oregon  will 
not  permit  disposal  of  untreated  heat  discharges  which  would  elevate 
the  temperature  of  the  stream  beyond  the  limits  set.  Nuclear  plants 
will  likely  need  large  cooling  towers  or  ponds,  which  add  to  the  costs. 

A possible,  but  as  yet  untried,  solution  would  be  to  make  water  from 
cooling  ponds  available  for  irrigation.  Experiments  are  presently  under 
way  to  determine  the  effects  of  using  heated  water  for  irrigation. 

Cooling  water  requirements  for  the  large  amount  of  nuclear-fue led 
generation  needed  to  supply  the  basin's  energy  requirements  will  present 
a serious  problem.  For  the  estimated  equivalent  of  fiftv-nlne  1,000, 000- 
kilowatt  plants  needed  by  the  year  2020,  the  annual  consumptive  use  of 
water  under  the  alternative  cooling  methods  would  amount  to  over  SO  ,000 
acre-feet  for  once-through  cooling,  about  1,500,000  acre-feet  with  cool- 
ing towers,  or  up  to  2,400,000  acre-feet  with  all  plants  using  cooling 
ponds.  Water  storage  would  have  to  be  allocated  from  sources  in  the 
basin  to  supplv  the  water  consumed  during  the  summer  and  possible  some 
for  winter  use.  This  would  require  the  development  of  addiricmial  storage 
In  the  Willamette  Basin  by  2020  to  conserve  runoff  for  this  purpose. 

From  about  0.2  to  10  percent  of  the  average  annual  runoff  of  Willamette 
Basin  would  be  needed  to  supply  the  2020  consumptive  use  if  the  total 
energy  supply  is  developed  in  the  basin  with  nuclear  plants. 

An  alternative  to  building  base-load  power  plants  in  the  basin  is 
to  locate  proiects  among  the  Oregon  Coast  or  in  other  areas  and  Import 
power.  Two  problems  immediately  arise,  (1)  transmission  corriilors  must 
be  made  available,  and  (2)  obiections  to  construction  along  coastal  areas 
must  he  overcome.  These  or  similar  problems  remain  to  be  solved  regard- 
less of  what  area  Willamette  Basin  planners  look  to  for  sources  of 
power.  If  such  an  alternative  is  adopted,  additional  back-up  sources 
such  as  pumped-storage  projects  should  be  developed  in  the  basin  to 
provide  for  greater  reliabilitv  of  service. 

Doubling  the  electric  power  production  about  every  10  vears  is  nec- 
essary to  keen  up  with  power  demands  in  this  area.  An  earlv  start  on  a 
good  public  Information  program  is  necessary,  telling  the  people  what  is 
needed,  what  is  planned,  and  why  and  how  their  communitv  benefits.  The 
people  must  be  made  aware  of  the  need  for  more  dams,  for  pumped-sto rage 
proiects,  for  large  thermal  generating  facilities,  of  the  safety  of 
nuclear  power  plants,  and  of  the  transmission  system  necessary  to  deliver 
power  to  the  consumer.  It  is  expected  that  improved  power  technology 
will  be  developed  before  the  end  of  the  conturv  to  resolve  seme  of  the 
problems  foreseen  for  the  basin  apd  the  power  industry  throughout  the 
wor Id. 
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SUMMARY 


The  history  of  electric  power  development  in  the  Willamette  Basin 
dates  back  to  the  IftRn's,  The  first  lon^  distance  power  transmission 
line  in  the  nation  was  constructed  in  the  Willamette  Basin,  with  the 
Portland  citv  streets  lighted  bv  electric  power  generated  at  the  Willam- 
ette Falls  hydroelect ric  plant.  The  Pacific  Northwest  region's  advanced 
technology  of  power  production  and  transmission  is  recognized  throughout 
the  world.  Here,  residential  power  consumption  is  among  the  world's 
highest  per  capita.  Private  and  public  agencies  have  worked  together  to 
give  the  basin  a dependable  supplv  of  low-cost  power.  The  basin  alone 
is  not  self-sufficient  in  its  power  supply,  but  its  deficiency  is  made 
up  by  importing  power  from  generating  sources  to  the  north  and  east. 

This  power  is  transmitted  over  the  region's  vast  network  of  high-voltage 
transmission  lines.  Large  hydroelectric  proiects  on  the  Columbia  River 
supply  much  of  the  power  used  in  the  Basin. 


The  power  demands  of  the  basin  are  expected  to  climb  to  more  than 
‘lO  million  kilowatts  by  the  year  2020  and  there  will  continue  to  be  a 
need  for  supply  at  a reasonable  cost.  Historically,  the  consumption  of 
electric  power  has  nearly  doubled  every  decade.  It  is  predicted  that 
70  percent  of  all  energy  used  will  be  electrical  by  the  turn  of  the 
centurv.  The  means  of  serving  this  need  must  advance  correspondingly. 
The  total  installed  generating  capacity  in  the  Willamette  Basin  is  now 
about  038,000  kilowatts.  The  maximum  peaking  capability  of  all  power 
plants  in  the  basin  was  onlv  about  27  percent  of  peak  demand  in  1068  and 
would  be  less  than  1 percent  of  peak  demand  in  2020.  In  calendar  vear 
1068  about  3 billion  kilowatt-hours  of  electric  energy  was  generated  in 
the  basin.  That  was  some  17  percent  of  the  year's  requirements  but' 
would  be  onlv  about  six-tenths  of  1 percent  of  forecast  energy  needs  tor 
2020.  Fstimated  future  electric  power  requirements  are: 


Year 


Peak  Demand 
1 .000  Ki lovatts 


Annual  Energy 
1.000  Kilowatt-hours 


1080 

2000 

2020 


7,730 

27,300 

01,800 


38,400,000 

136.000. 000 

457.000. 000 


The  basin's  industry  has  experienced  profitable  operations  under 
favorable  business  conditions.  It  has  a nroductive,  highly  educated 
work  force.  Industry  Is  moving  into  the  basin  at  an  accelerating  rate, 
using  more  and  more  of  the  low-cost  electric  power  available.  The  growth 
of  an  area  can  he  directlv  related  to  its  use  of  energy.  A megalopolis 
Is  developing  within  the  Willamette  Basin,  Bv  2020,  it  is  exnected  to 
encomnass  the  Eugene,  Salem,  and  Portland  areas,  and  extend  north  to 
Seattle.  This  will  require  a massive  increase  in  generating  plants  and 
transmission  svstems. 
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FUTURE  POWER  SUPPLY 


Several  possible  means  to  satisfy  the  prolected  electric  power  needs 
have  been  studied.  The  basin's  potential  hydroelectric  sites  have  been 
inventoried  with  the  single  objective  of  power  supply.  The  probable  re- 
sources for  the  future  Include,  along  with  increased  power  Imports  from 
Outside  the  hasln,  nuclear  powerplants  to  supply  the  around-the-clock 
base  loads,  pumped- s to  rage  plants  to  supply  peaking,  and  possibly  some 
small  conventional  hydroelectric  plants  supplementing  both  base  and  peak 
load  power  supplies. 

Several  possible  nuclear  powerplant  sites  for  the  basin  have  been 
mentioned  but  only  one  plant,  Trojan,  has  advanced  to  the  actual  con- 
struction stage.  By  the  year  2020,  it  is  estimated  that  up  to  49,000,000 
kilowatts  of  nuclear  capacity  or  alternatives  will  be  needed  to  supply 
base- load  requirements  of  the  basin  in  addition  to  Power  supplied  from 
existing  and  projected  hydroelectric,  and  thermal  plants  and  from  Imports. 

While  nuclear  plants  utilizing  conventional  steam  turbines  connected  to 
generators  are  used  todav,  research  is  being  conducted  on  the  use  of 
thermionic  generators,  fuel  cells,  magneto-hydrodynamic  (MHD)  generators, 
and  nuclear  fusion  reactors.  In  MHD  generators,  electrodes  are  placed 
In  the  high-temperature  jet  stream  of  gasses  forced  at  hieh  velocity 
through  a magnetic  field;  direct  current  at  relatively  high  voltage  Is 
obtained. 

i 

The  hasln  has  no  significant  fossil-fuel  supplv;  therefore,  any 
development  of  this  type  of  generation  would  require  that  fuel  be  im- 
ported. Current  estimated  transportation  costs  tor  moving  such  fuels 
to  the  hasin  are  quite  high.  These  circumstances  inhibit  the  construc- 
tion of  base-load  fossil-fueled  plants  In  the  basin.  Cas-turblne  peak- 
ing  plants  or  fossil-fuel  fired  steam  peaking  units  are  alternatives  to 
conventional  or  pumped-storage  hydroelectric  peaking  nowcr. 

The  potential  for  conventional  hydroelectric  development  is  limited. 

The  aggregate  capacity  which  might  be  developed  at  some  24  sites  identl-  ^ 

fled  in  this  study  would  provide  about  7h0,n00  kilowatts. 

The  basin  has  a vast  potential  for  pumped  storage.  Considering  t 

only  the  nine  most  favorable  sites,  42,000,000  kilowatts  of  capacity 
could  be  developed.  About  2b, 000, 000  kilowatts  of  peaking  capacity  will 
be  needed  in  the  basin  to  supplement  other  power  sources.  This  potential 
peaking  could  be  developed  when  sufficient  base-load  thermal  plants  have 
been  Installed  and  after  the  more  economical  peaking  additi  ms  have  been 
made  at  existing  hvdro  plants  in  the  Northwest.  In  20  to  30  years, 
pumped  storage  will  become  competitive  with  other  methods  of  supplying 
peaking  power.  Future  thermal  piantB  will  be  supplying  the  base-load 
power  and  off-peak  energy  for  oumnlng  nf)wer.  Water  for  numped  storage 
may  serve  a dual  purpose,  that  for  generating  newer  for  peaking  and  as 
steam-plant  condensing  water. 

Import  of  power  from  outside  the  basin  is  expected  to  increase,  how- 
ever, it  is  unlikely  that  all  of  the  increase  in  power  renui rement s could 
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hp  Imported.  Planners  have  forecast  that  approxlmatelv  16,000,000  kilo- 
watts will  be  brought  Into  the  basin  to  help  meet  demands  for  the  years 
2000  and  2020.  This  will  require  substantial  additions  to  the  region's 
transmission  grid.  Before  long,  the  Pacific  Northwest  will  probablv 
be  tied  to  other  pot^er-produc inp  regions  hv  giant  power  grids  electrical- 
Iv  integrating  the  eastern-western  and  northern-southern  United  States 
and  parts  of  Canada,  This  will  permit  taking  advantage  of  diversitv  in 
power  requirements  between  the  northern  and  southern  climates,  and  be- 
tween the  eastern  and  western  areas. 

Research  on  improved  power  transmission  is  under  way.  Under  in- 
vestigation are  wave  propagation  via  wave  guides,  wireless  transmission 
of  energy,  and  super-conducting  circuits.  Cryogenic  research  may  de- 
velop practical  super-cooled  conductors  where  resistance  to  flow  and 
accompanying  power  loss  approach  zero.  This  will  permit  vast  quantities 
of  power  to  flow  over  a single  circuit.  Reliability  of  service  is  also 
a must  for  the  transmission  system  developing  in  the  basin.  As  the 
growing  populace  uses  electricity  in  ever  increasing  quantities,  an 
abundant  and  uninterrupted  supply  of  power  becomes  more  important. 

RECOMMF.  NUATIONS 

Power  has  played  an  Important  role  in  elevating  man's  standard  of 
living  to  its  present  level.  The  man  of  tomorrov  will  use  some  .0 
times  the  energy  he  uses  today.  A plentiful  supply  of  reliable  elec- 
tric power  at  a reasonable  cost  Is  needed  to  promote  future  growth.  The 
greatest  reliability  of  service  is  obtained  from  local  generation  using 
local  resources,  thus  eliminating  some  hazards  inherent  with  long- 
distance transmiss irm , 

Power  resource  development  should  be  responsive  to  the  whole  spec- 
trum of  man’s  requirements — land,  water,  air,  food,  housing,  light  ^h-.d 
power,  communlcat ion , recreation,  etc.  All  must  be  considered  so  that 
one  is  not  develoned  to  the  exclusion  of  others.  But  man's  demand  for 
comfort  and  convenience  in  the  form  of  electric  power  must  be  considered 
in  the  light  of  imnortance  to  bis  greatest  good.  Because  of  the  compe- 
tition for  the  use  of  land  for  purposes  other  than  power,  there  is  an 
urgent  need  for  the  proper  authorities  to  take  immediate  steps  to  reserve 
desirable  conventional  hydro,  pumped-st orage , and  thermal-electric  power 
sites  for  future  development.  Also,  proper  investigations  should  he 
conducted  to  assure  nubile  acceptance  of  the  selected  sites  for  future 
power  use. 

Wiile  problems  associated  with  power  production  and  transmission 
throughout  the  basin  seem  formidable,  management  and  engineers  of  the 
power  industry  are  confident  that  advances  through  research  and  tech- 
nology will  overcome  them.  Research  will  ultimately  provide  methods  of 
power  nroducticn  and  transmissicn  that  are  unknown  todav.  Further  studv 
•and  planning  -^iist  be  continued  to  assure  the  orderly  development  of 
f oss  i ' - f lie  led  , nuclear,  conventional  hvdro,  and  pumped-st  orage  electric 
generating  Plants  to  supolv  the  future  power  needs  of  the  basin.  Suffi- 
cient rime  must  be  al lowed  for  development  of  a proiect  before  It  is 
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ADDENDA 


GLOSSARY 


POWER  AMO  RATE  TERMS 

CAPABILITY 

PeakinR  Capabilitv  - the  maximum  peak  load  that  can  be  supplied  by  a 
penerating  unit,  station,  or  svstem  in  a stated  time  period.  It 
mav  be  the  maximum  Instantaneous  load  or  the  maximum  average  load 
over  a designated  interval  of  time. 

CAPACITY 

Dependable  Canacitv  - tlie  load-carrving  abilltv  of  a station  or  svstem 
under  adverse  conditions  for  the  time  interval  and  neriod  specified 
when  related  to  the  characteristics  of  the  load  to  be  supplied. 
Denendable  canacitv  of  a svstem  includes  net  firm  power  purchases. 

Installed  Canacitv  - the  total  of  the  capacities  as  shown  by  the  name- 
plates of  similar  kinds  of  anparatus  such  as  generating  units, 
turbines,  svnchronous  condensers,  transformers,  or  other  equipment 
in  a station  or  system. 


Peaking  Capacltv  - generating  equipment  normally  onerated  onlv  during 
the  hours  of  highest  dailv,  weeklv , or  seasonal  loads.  Some  gen- 
erating equinment  mav  be  onerated  at  certain  times  as  peaking  cap- 
acitv  and  at  other  times  to  serve  loads  on  a round-the-clock  basis. 


DEMAND  - the  rate  at  which  electric  energy  is  delivered  to  or  by  a sys- 
tem, part  of  a svstem,  or  niece  of  equipment,  exnressed  in  kilowatts 
or  other  suitable  unit,  at  a given  instant  or  averaged  over  anv  desig- 
nated period  of  time. 

DIVERSITY,  LOAD  - the  difference  between  the  peak  of  coincident  and  non- 
coincident demands  of  two  or  more  individual  loads. 


ENERCY  - that  vrhich  does  or  is  canable  of  doing  work.  It  is  measured 
In  terms  of  the  work  it  is  canable  of  doing;  electric  energv  is 
usuallv  measured  in  kl  lowatt-liours. 

*^1  rm  Energv  - electric  energv  which  is  intended  to  have  assured  avail- 
abilitv  to  the  customer  to  meet  all  or  anv  agreed  uoon  portion  of 
Ills  load  requirements. 

Off-neak  Energv  - electric  energv  supplied  during  periods  of  relativelv 
low  svstem  demands  as  snecified  bv  the  supplier. 


FACTOR 


Load  ’^'actor  - the  ratio  of  the  average  load  over  a designated  period 
to  the  neak-load  occurring  in  that  period. 


Cnpacitv  Factor  - the  ratio  of  the  averaRC  load  on  a machine  or  equip- 
ment for  the  oerlod  of  time  considered,  to  the  capacity  ratine  of 
the  machine  or  equipment. 

Plant  '•'actor  - the  ratio  of  the  averape  load  on  the  plant  for  the 
period  of  time  considered  to  the  apprepate  ratinp  of  all  the  cen- 
eratinp  equipment  installed  in  the  plant. 

Power  Factor  - the  ratio  of  kilov/atts  to  kilovolt-amperes. 

LOAD  - the  amount  oF  electric  power  delivered  at  a piven  point. 

Base  Load  - the  minimum  load  in  a stated  period  of  time. 

Peak  Load  - the  maximum  load  in  a stated  period  of  time. 

PLANT  (STATION) 

hydroelectric  Plant  - an  electric  power  plant  utillzinp  fallinp  water 
for  tile  motive  force  of  its  prime  movers. 

Pumped- St or ape  Plant  - a power  plant  utillzinp  an  arranpement  wherebv 
electric  enerpv  is  penerated  for  peak  load  use  bv  utilizing  water 
pumped  into  a storage  reservoir  usually  during  off-veak  periods. 

A pumped-storape  plant  mav  also  be  used  to  provide  reserve  generat- 
ing capacity. 

POV.'LR 

Firm  Power  - power  intended  to  have  assured  availability  to  the 

customer  to  meet  all  or  anv  agreed  upon  portion  of  his  load  require- 
ments. 

RLSLRVi; 

Spinning  Reserve  - generating  capacity  connected  to  the  bus  and  readv 
to  take  load.  It  also  includes  capacity  available  in  peneratinp 
units  which  are  operating  at  less  than  their  canabllltv. 

ThE'lMAL  - a term  used  to  identify  a tvpe  of  electric  peneratinp,  station 

or  pot-fer  plant,  or  the  capacity  or  capability  thereof,  in  wnich  the 

source  of  enerpv  for  the  prime  mover  is  heat. 
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HYDROELECTRIC  POWER  VALUE 

The  benefits  of  power  produced  by  a conventional  or  pumped-storage 
hydroelectric  project  are  equivalent  to  the  value  of  the  power  to  the 
users  as  measured  hy  the  amount  they  would  be  willing  to  pay  for  such 
power.  Normally,  the  cost  of  power  from  the  most  likely  alternative 
source  is  an  appropriate  measure  of  the  value  of  the  power  produced  by 
a proiect. 

The  value  of  power  can  be  expressed  in  two  components — capacity 
value  and  energy  value.  The  capacity  value  is  derived  from  a determina- 
tion of  the  fixed  costs  of  the  selected  alternative  source  of  supply. 

The  energy  value  is  determined  from  those  costs  of  the  alternative 
which  relate  to  and  vary  with  its  energy  output.  The  fixed  costs  are 
those  annual  costs  governed  by  the  Investment  in  generating  and  trans- 
mission facilities,  their  appropriate  financing  charges,  and  certain 
other  operating  costs  which  varv  very  little  with  hours  of  operation. 

The  energy  value  is  determined  from  the  cost  of  fuel  consumed  and  opera- 
tion and  maintenance  costs  which  vary  with  energy  output.  The  capacity 
and  energy  components  are  usually  expressed  In  terms  of  dollars  per 
kilowatt-year  and  mills  per  kilowatt-hour,  respectively.  The  capacity 
component  Is  related  to  the  dependable  capacity  of  the  hydroelectric 
plant  and  the  energy  component  of  the  average  usuable  energy  output  of 
the  plant. 

The  value  of  hydroelect rlc  power  can  be  estimated  for  either  or  both 
of  two  locations:  (11  at-market,  l,e.  , at  a load  center;  or  (2)  at-site, 
where  power  leaves  the  hydroelectric  plant. 

The  alternative  to  a hydroelectric  project  is  the  most  likely  power 
supply  source  that  normally  would  be  selected  for  addition  to  the  region- 
al power  supply  If  the  project  Is  not  constructed.  At  the  present  time 
the  most  likely  alternative  Is  a modern  thermal-electric  generating 
plant.  The  proper  type  of  thermal  plant  alternative  is  the  one  which 
will  provide  the  most  economical  source  of  peaking,  intermediate,  or 
base  lead  service  in  the  absence  of  the  hydroelectric  plant  expected 
to  be  used  for  any  one  of  these  types  of  service.  No  values  based  on 
a coal-fired  steam-electric  power  plant  were  estimated  since,  under 
present  circumstances.  It  does  not  appear  that  additional  plants  of  this 
type  will  be  constructed  west  of  the  Cascades,  after  the  Centralla  Plant 
is  completed. 

In  estimating  power  value,  consideration  must  be  given  to  differ- 
ences In  dependability  between  the  project  and  its  alternative.  Dif- 
ferences in  operating  flexibility,  service  availability  and  fast  loading 
features  wtiich  stem  from  plant  characteristics  need  to  be  considered. 
These  characteristics  include  the  low  speeds  and  temperatures  of  the 
rugged  hvdro  plant  machinery  in  contrast  to  high  speed,  high  temperature 
and  pressure  of  high  efficiency  thermal  plants.  Usually,  consideration 
of  these  factors  will  indicate  that  a credit  to  the  value  of  hydroelec- 
tric project  plant  capacity  is  warranted.  Estimates  of  this  credit  vary 
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from  5 to  15  percent  of  the  at-market  cost  per  kilowatt  of  alternative 
thermal  capacity. 

Power  values  derived  herein  are  based  on  present  day  (.Tanuary  !, 
19^11)  price  levels,  and  are  anplicable  to  those  hvdroe lect ric  sources 
projected  to  be  constructed  in  the  three  study  perlods--19H0,  2000,  and 
2020. 

POWKR  VALUES  BASFO  ON  TYPES  OK  ALTERNATIVE  POWER  PLANTS 

The  three  tvpes  of  thermal-electric  plants  considered  aoproprlate 
as  alternatives  to  hydroelectric  orojects  with  annual  capacity  factors 
(ratio  of  annual  average  load  to  the  capacity  rating  of  equipment)  rang- 
ing from  1 to  90  nercent  are  as  follows: 


Type  of  Plant 


Hvdro  Plant 
Capacity  Factors 
( Percent 


('.as  Turbine 

Steam-electric  peaking 
Nuclear-e lectrlc 


1 to  10 
2.5  to  30 
20  to  90 


Although  each  plant  has  an  assigned  hand  of  canacitv  factors,  in 
actual  nractice  not  every  one  of  them  would  be  onerated  over  the  full 
band  owing  to  design  and  operational  constraints  and  economic  considera- 
tions. 


The  description  of  these  nlants  is  given  in  Table  A-1.  The  capital 
costs  include  all  costs  of  a modern  thermal-electric  plant  as  construct- 
ed, Plant  designs  include  features  for  minimizing  production  of  pollu- 
tants and  wastes  which  have  adverse  effects  on  the  environment. 

Table  A-2  shows  costs  of  thermal  power  at  the  generator  bus,  at- 
market  and  the  at-site  values  of  hydroelectric  project  power  for  ranges 
of  capacity  factors.  Power  values  include  a credit  of  10  percent  to 
cover  the  advantages  of  hydro  capacity  discussed  previously.  The 
estimates  of  project  plant  at-slte  power  values  were  obtained  by  deduct- 
ing from  the  at-market  values  a hvdro  plant  average  Pacific  Northwest 
transmission  liabllltv  of  $2,25  per  kl lowatt-year , a 4.5  percent  capac- 
ity loss,  and  an  energv  loss  which  varies  with  the  annual  capacity 
factor. 

Costs  and  values  were  estimated  on  both  private  and  public  non-Fed- 
eral  construction  of  the  alternatives.  Private  power  costs  assume  that 
the  financing  will  be  with  a money  cost  of  7 percent.  The  financing  of 
public  non-^edcral  alternative  sources  Is  assumed  to  be  at  an  Interest 
rate  of  4.75  percent.  The  total  annual  fixed  charge  rates  for  nlants, 
substations,  and  transmission  lines  varv  not  onlv  with  the  tvpe  of  financ- 
ing but  also  with  estimated  service  lives.  Interim  replacement  costs, 
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insurance,  and  taxes.  Values  developed  for  both  types  of  financing  per- 
mit the  evaluation  of  power  benefits  at  projects  which  may  be  constructed 
to  supplv  either  a public  or  a private  market.  For  a particular  hydro 
project's  output,  the  appropriate  value  should  be  the  lower  of  the  values 
shown  for  the  annual  capacity  factor  at  which  the  hydroelectric  plant  is 
expected  to  operate. 

In  addition,  composite  at-market  and  at-slte  values  are  shown.  They 
were  developed  by  weighting  the  private  and  public  non-Federal  values  on 
the  basis  of  the  present  division  in  Pacific  Northwest  power  supply  which 
is  split  between  public  and  private  approximately  3 to  1.  The  resultant 
values  permit  power  benefits  to  be  computed  for  those  projects  which  are 
expected  to  supply  a mixed  private  and  public  market.  Thus,  one  type  of 
financing  is  not  favored  to  the  exclusion  of  the  other. 

Composite  at-site  values,  l.e,  , with  both  the  capacity  and  energy 
components  included,  are  given  in  mills  per  kilowatt-hour  in  Table  A-3 
and  plotted  on  Figure  A-1.  Also  shown  in  Table  A-3  is  a range  of  capac- 
ity factors  and  corresponding  values.  The  curves  and  the  uniform  values 
are  appropriate  for  estimating  at-slte  power  benefits  of  hydroelectric 
projects  which  may  supply  a mixed  private  and  public  non-Federal  market 
as  in  the  Puget  Sound,  Willamette  River  Basin,  or  Col umbla-North  Pacific 
areas  of  the  Pacific  Northwest,  but  excluding  the  predominantly  private 
system  market  of  the  middle  and  upper  Snake  River  Basin.  These  data  are 
used  in  developing  the  benefits  shown  in  Tables  IV-1  and  IV-2  of  the 
main  text. 


FEDERAL  FINANCED  RIVER  DEVELOPMENT  PROJECTS 

The  evaluation  of  power  benefits  at  Federal  river  development  pro- 
jects is  guided  by  Senate  Document  No,  97  which  was  prepared  under  the 
direction  of  the  President's  Water  Resources  Council.  The  Document 
provides  that  where  benefits  are  measured  by  alternative  costs,  as  is 
the  case  for  power,  the  alternative  cost  will  be  based  on  the  alterna- 
tive means  that  would  most  likely  be  utilized  to  provide  equivalent 
product  or  services.  In  the  Pacific  Northwest  where  no  Federally  financed 
thermal  plants  are  planned,  this  most  likely  alternative  has  been  con- 
sidered to  be  a composite  of  private  and  public  non-Federal  thermal 
plants  described  in  the  preceding  section. 

The  Document  provides,  however,  that  in  formulating  projects,  bene- 
tlts  and  costs  shall  be  expressed  in  comparable  quantitative  economic 
terrs  to  the  fullest  extent  possible.  Generation  costs  at  a Federal 
hydroelectric  project  in  the  Pacific  Northwest  must  therefore  be  less 
than  pcver  generated  at  a Federally-financed  thermal  plant  If  the  pro- 
ject is  to  be  proposed  for  construction. 
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Table  A-1 

Pacific  Northwest 

Description  of  Thermal-electric  Plants 
(Alternatives  to  Pudroelectric  Plants 
With  Specific  Ranaes  of  Capacity  Factors, 
January  1969  Ihrice  Levels) 


i 

['■ 

a’ 

f 

S. 

t 

f 


Type  of  Plant 

Item 

Gas- 
turbine 
Pe aking 

Steam 

electric 

Peaking 

Nuclear- 

electric 

Capacity  Factor 
Range  in  Percent 

1-10 

2.5  - 40 

20  - 90 

Total  Capacity,  MW 

640 

800 

2 ,000 

Units:  Number 

4 

2 

2 

Size,  MW 

160 

400 

c 

o 

c 

eH 

Capital  Cost,  $/KW 

77 

82 

159 

Fuel:  Type 

Oil 

Oil 

Nuclear 

Average  Fuel  Cost, 
$/Mllllon  Btu 

0.88 

0.452 

0. 12  y 

Average  Net  Heat  Rate, 
Btu/KWH 

16,500 

11,078 

10,500  y 

W Equivalent  to  a nuclear  fuel  cost  of  1,23  mllls/kwh  (5  fuel  cvcle 
average)  and  a net  plant  heat  rate  of  10,500  Btu/kwh  (with  turbine 
rating  at  deslpn  back  pressure  of  1.8"  - 2,0"  Hg). 

2/  For  comparison  onlv  with  conventional  steam-electric  plants. 

Nuclear  plant  efficiency  In  Btu/kwh  not  normally  specified  since 
it  is  not  relevant  In  computations  of  fuel  energy  costs. 

Source:  Federal  Power  Commission. 
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Table  A-2 


Pacific  Northueet 

Values  of  Hydroelectric  Plant  Power 
Based  on  Unit  Annual  Costs  of  Power  from 
Alternative  Thermal  Sources 
(January  1969  Price  Levels) 


Gas-turbine 

Peaking  Plant 

: Capacity 

• 

Annual 

• t 

• • 

Public 

! Composite 

Capacity 

: Private  : 

Non-Federal 

; Values 

Factor 

: Financing  : 

Financing 

: Energy 

i Capacity  : 

Energy 

(Percent) 

; ($/KW-Yr)  : 

($/KW-Yr) 

: (Mllls/KWH) 

• ($/KW-Year); 

(Milla/KWH) 

Cost  of  Power  at  Thermal  Plant  Generator  Bus 

1.0 

8.71 

6.08 

20.88 

• 

- 

2.5 

8.78 

6.14 

17.49 

- 

5.0 

8.86 

6.19 

16.10 

- 

- 

7.5 

8.9A 

6.25 

15.65 

- 

10.0 

9.01 

6.30 

15.42 

- 

Value  of 

Hydroelectric 

Power  at  Market 

1.0 

11.91 

8.45 

20.96 

9.32 

20.96 

2.5 

11.99 

8.51 

17.57 

9.38 

17.57 

5.0 

12.08 

8.57 

16.19 

9.45 

16.19 

7.5 

12.08 

8.64 

15.75 

9.52 

15.75 

10.0 

12.24 

8.69 

15.52 

9,58 

15.52 

Value  of 

Hydroelectric 

Power  at  Site 

1.0 

8.80 

5.49 

20.77 

6.32 

20,77 

2.5 

8.87 

5.55 

17.38 

6.38 

17.38 

5.0 

8.96 

5.61 

15.99 

6.45 

15.99 

7.5 

9.04 

5.67 

15.52 

6.51 

15.52 

10.0 

9.11 

5.72 

15.27 

6.57 

15.27 

Source:  Federal  Power  Conmlsslon. 


A-5 


J 


Addendum  A (Cont'd.) 


Table  A-2 


Sheet  2 of  3 


Paoifio  Itorthueat 

Values  of  Hydroeleetria  Plant  Power 
Based  on  Unit  Annual  Costa  of  Power  from 
Alternative  Thermal  Sources 
(January  1969  Price  Levela) 


011-flred  Steaofelectric  Peaking  Plant 


Capaclt 


Annual 

Capacity 

a 

a 

Private  : 

Public  : 

Non-Federal  : 

Energy 

(Milla/KWH) 

Composite 

Values 

Factor 

(Percent) 

Financing  : 
(S/KW-Yr)  ; 

Financing  : 
($/KW-Yr)  : 

Capacity  : Energy 

C$/KW-Year) : (Milla/KWH) 

Cost  of  Power  at  Thermal  Plant  Generator  Bus 

2.5 

10.43 

7.63 

5.83 

- 

- 

5.0 

10.90 

8.10 

4.71 

- 

- 

7.5 

11.33 

8.52 

4.31 

- 

- 

10.0 

11.65 

8.83 

4.10 

- 

- 

15.0 

12.22 

9.38 

3.91 

- 

- 

20,0 

12.66 

9.81 

3.80 

- 

- 

25.0 

13.01 

10.15 

3.76 

- 

- 

30.0 

13.40 

10.52 

3.80 

- 

- 

Value  of  Hydroelectric 

Power  at  Market 

2.5 

14.76 

10.77 

5.88 

11.77 

5.88 

5.0 

15.30 

11,32 

4.76 

12.32 

4.76 

7.5 

15.79 

11.79 

4.36 

12.79 

4.36 

10.0 

16.16 

12.16 

4.15 

13.16 

4.15 

15.0 

16.81 

12.78 

3.97 

13.79 

3.97 

20.0 

17.31 

13,28 

3.87 

14.29 

3.87 

; 25.0 

17.71 

13.66 

3.83 

14.67 

3.83 

1 30.0 

a 

18.15 

14.08 

3.88 

15,10 

3.88 

* 

1 Value  of  Hydroelectric 

Power  at  Site 

: 2.5 

11.52 

7.71 

5.82 

3.66 

5.82 

; 5.0 

12.03 

8,23 

4.70 

9.18 

4.70 

i 7.5 

12.50 

8.68 

4.30 

9.64 

4.30 

^ 10.0 

12.85 

9.03 

4.08 

9.98 

4.08 

15.0 

13.48 

9.63 

3.90 

10.59 

3.90 

20.0 

13.95 

10.10 

3.79 

11.07 

3.79 

; 25.0 

14.33 

10.47 

3.75 

11.43 

3.75 

30.0 

14.75 

10.87 

3.79 

11.84 

3.79 

Source:  Federal  Power  Commlaalon. 


A-6 


Addendum  A (Cont'd.) 
Table  A-2 


Sheet  3 of  3 


Pacific  Northwest 

Values  of  Hydroelectric  Plant  Power 
Based  on  Unit  Annual  Costs  of  Power  from 
Alternative  Thermal  Sources 
(January  1969  Price  Levels) 


Nuclear-Electric  Plant 


Annual 

Capacity 

Factor 

(Percent) 

: Capacity  : 

: ; Public  : 

; Private  : Non-Federal  : 

: Financing  : Financing  : 

: ($/KW-Yr)  : ($/KW-Yr)  : 

Energy 

(Mills/KWH) 

Composite 

Values 

Capacity  : Energy 

(S/KW-Year): (Mllls/KWH) 

Cost  of  Power  at  Thermal  Plant  Generator  Bus 

20 

22.86 

16.75 

l.AA 

- 

- 

30 

22.88 

16.77 

1.37 

- 

- 

AO 

22.93 

16.82 

1.3A 

- 

- 

50 

22.97 

16.86 

1.32 

- 

- 

60 

23.05 

16. 9A 

1.31 

- 

- 

70 

23.10 

16.99 

1.30 

- 

- 

80 

23.20 

17.09 

1.29 

- 

- 

90 

23.35 

17. 2A 

1.29 

- 

- 

Value  of 

Hydroelectric 

Power  at  Market 

20 

29.08 

21.38 

1.A6 

23.31 

1.A6 

30 

29.11 

21. A1 

1.39 

23.3A 

1.39 

AO 

29.16 

21. A6 

1.36 

23.39 

1.36 

50 

29.21 

21.52 

1.3A 

23. AA 

1.3A 

60 

29.29 

21.60 

1.33 

23.52 

1.33 

70 

29.35 

21.66 

1.33 

23.58 

1.33 

80 

29. A6 

21.77 

1.32 

23.69 

1.32 

90 

29.63 

21.93 

1.32 

23.86 

1.32 

Value  of 

Hydroelectric 

Power  at  Site 

20 

25.19 

17. 8A 

1.A3 

19.68 

1.A3 

30 

25.22 

17.87 

1.36 

19.71 

1.36 

AO 

25.27 

17.92 

1.32 

19.76 

1.32 

50 

25.32 

17.97 

1.30 

19.81 

1.30 

60 

2 5.39 

18.05 

1.29 

19.89 

1.29 

70 

25. A5 

18.11 

1.28 

19. 9A 

1.28 

80 

25.56 

18.21 

1.27 

20.05 

1.27 

90 

25.72 

18.36 

1.27 

20.20 

1.27 

Source:  Federel  Power  Conalsslon. 
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Table  A- 3 


Pad  fie  Northwest 

-ffydroeleatri.a  Plenty  Power  Values  At  Site  — 
(January  1969  Pnae  Levels)  


Annual 

Thermal  Source 

Capacity 

Total 

(Hydro  Plant 

Factor 

Value 

Alternative) 

(Percent) 

(Nllls/KWH) 

Cas  Turbine 

1.0 

92.92 

1 

2.5 

46.51 

5.0 

30.72 

7.5 

25.43 

10.0 

22.77 

Steam-electric 

2.5 

45.36 

(Peaking) 

5.0 

25.66 

7.5 

18.97 

10.0 

15.47 

15.0 

11.96 

20.0 

10.11 

25.0 

8.97 

30.0 

8.30 

Nuclear-electric 

20.0 

12.66 

30.0 

8.86 

AO.O 

6.96 

50.0 

5,82 

60.0 

5.07 

70.0 

4.53 

80.0 

4.13 

90.0 

3.83 

Annual 

Capacity 

Factor 

(Percent) 

Uniform 
Value  2./ 
(Mllls/KWH) 

1.0 

92.90 

2.5 

45.40 

5.0 

25.70 

7.5 

19.00 

10.0 

15,50 

15.0 

12,00 

20.0 

10. 10 

25.0 

9.00 

30.0 

8.30 

40.0 

7.00 

50.0 

5.80 

70.0 

4.50 

90.0 

3.80 

W Appropriate  for  detemlnlnR  power  benefits  of  hydroelectric  projects 
trhich  may  supply  a mixed  private  and  public  market. 

IJ  Total  values  derived  from  composite  at-slte  capacity  and  energy 
components  of  value  given  in  Table  A-2. 

2/  Taken  from  curves  shown  on  Figure  A-1. 

Source:  Federal  Power  Coomlsslon. 
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Figure  A-l 


PACIFIC  NORTHWEST  COMPOSITE 


HYDROELECTRIC  PLANT  TOTAL  POWER  VALUES  AT  SITE 
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PUMPED-STORAGE  SITE 
SELECTION  CRITERIA 


In  selecting  the  sites  to  be  Included  In  the  pumped-storage  inven- 
tory, the  following  factors  were  taken  into  consideration:  (1)  Source  of 
energy,  (2)  Topography,  (3)  Operating  pattern,  (4)  Plant  size  and  char- 
acteristics, (5)  Reservoir  size  and  characteristics,  and  (6)  Penstock 
size  and  characteristics. 

SOURCE  OF  ENERGY 

It  was  assumed  that  low-cost,  off-peak  energy  would  be  available 
from  thermal  plants,  and  that  these  plants  would  be  located  in  or  near 
the  Willamette  Basin,  thus  keeping  transmission  losses  from  the  thermal 
plants  to  the  pumped-storage  plants  relatively  small. 

TOPOGRAPHY 

The  physical  c'laracterlstics  of  a site  have  a direct  bearing  on 
the  cost  of  development.  To  minimize  costs,  sites  were  sought  which 
had  fairly  high  heads  (600  feet  or  more),  short  penstock  requirements, 
and  small  embankment  requirements.  With  higher  heads,  it  is  possible 
to  reduce  costs  of  the  pump-turbine,  motor-generator  equipment,  the 
diameter  of  the  penstocks,  and  the  size  of  the  reservoirs. 


OPERATING  PATTERN 

The  operating  pattern  of  a pumped-storage  plant  is  governed  by 
three  inter-related  factors:  (1)  the  system  load  shape,  (2)  the  rela- 

tive capabilities  and  economies  of  the  other  types  of  power  plants 
available  (which  determines  what  part  of  the  load  each  will  carry),  and 
(3)  the  amount  of  off-peak  thermal  energy  available  for  pumping.  These 
factors  will  change  as  time  progresses,  with  the  situation  becoming  in- 
creasingly favorable  for  the  utilization  of  pumped-storage  as  thermal 
power  assumes  a larger  part  of  the  base  load. 

It  is  assumed  that  the  pumped-storage  plants  will  operate  on  a 
weekly  cycle,  generating  during  the  weekday  peak  hours  and  pumping 
during  the  off-peak  hours  at  night  and  on  weekends  (See  Figure  IV-2  in 
main  text).  Studies  are  now  undeirway  which  will  provide  an  indication 
of  how  pumped-storage  will  best  fit  into  the  future  load  pattern.  Pend- 
ing the  results  of  these  studies,  an  arbitrary  decision  was  made  on  the 
amount  of  storage  to  be  provided  in  developing  data  for  proiect  compar- 
ison purposes.  Sufficient  storage  was  provided  to  permit  generation 
for  R hours  at  rated  capacity.  An  example  of  one  loading  condition  la 
illustrated  bv  Figure  IV-7.  In  this  example,  the  pumped-storage  plant 
is  required  to  operate  at  full  capacity  for  only  a short  period  each 
weekday  afternoon.  For  most  of  the  generating  periods,  the  plant  is 
operating  at  less  than  rated  capacity.  Thus,  the  plant  is  generating 
the  equivalent  of  approximately  5 hours  at  rated  capacity  each  weekday. 
The  balance  of  the  storage  is  used  for  carry-over  of  weekend  storage 
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until  it  Is  required  later  In  the  week.  The  night-time  off-peak  pumping 
energy,  together  with  the  storage  carried  over  from  weekend  pumping,  is 
Sufficient  to  provide  the  storage  required  to  meet  the  dally  peak  genera- 
tion through  the  week.  Additional  flexibility  could  be  attained  at  most 
sites  by  increasing  the  storage  to  allow  more  carry-over  of  weekend  pump- 
ing. If  8 hours  of  generation  at  full  capacity  each  weekday  were  re- 
quired for  pumped-storage  power  instead  of  the  equivalent  of  5 hours  of 
generation  at  rated  capacity  each  weekdav  as  mentioned  above,  almost 
tWce  the  reservoir  storage  capacity  would  be  required.  This  Increase 
in  reservoir  capacity  would  Increase  investment  costs  and  possibly 
eliminate  some  of  the  potential  sites.  The  amount  of  storage  most  appro- 
priate for  each  plant  will  he  determined  at  the  time  of  its  design.  This 
additional  capacity  could  he  developed  at  most  of  the  sites  inventoried. 


PLANT  SIZE  AND  CHARACTERISTICS 

All  sites  evaluated  are  suitable  for  plants  having  a capacity  of  at 
least  1,000  MW.  This  minimum  size  was  selected  for  two  reasons.  First, 
the  present  trend  in  pumped-storage  construction  is  toward  larger  plants 
to  reduce  unit  costs.  Secondly,  this  made  it  possible  to  eliminate  the 
numerous  small  sites  and  keep  the  number  of  sites  under  consideration  to 
a workab^lC'>number.  In  evaluating  the  better  sites,  an  attempt  was  made 
to  derive  costs  fb'r  several  plant  sizes,  up  to  the  maximum  feasible  in- 
stallation. The  factor  cont‘rdll-lng  the,  maximum  installation  was  the 
amount  of  usable  reservoir  storage  attainable  at  the, site  coupled  with 
drawdown  limitation.  ' 


The  heads  available  at  most  of  the  sites  permit  the  use  of  revers- 
ible Francis  pump-turbines.  Although  present  technologv  limits  the  de- 
sign of  reversible  units  to  heads  of  about  1,600  feet,  the  indications 
are  that  reversible  units  with  heads  as  great  as  2,000  feet  can  be  de- 
veloped by  the  time  these  projects  would  be  needed,  sometime  after  1990. 
There  are  a number  of  sites  in  the  Willamette  Basin  having  heads  even 
higher  than  2,000  feet.  Based  on  present  technology,  these  sites  would 
require  separate  pumps  and  impulse  turbines.  The  size  of  the  units 
selected  were  the  largest  feasible  for  a given  installation. 

RESERVOIR  SIZE  AND  CHARACTERISTICS 

Reservoir  size  is  governed  by  the  usable  storage  requirements,  the 
allowable  drax^own,  and,  in  the  case  of  the  lower  reservoirs,  the  amount 
of  pump-turhine  submergence  required.  The  usable  storage  requirements 
are  a function  of  the  plant  capacity  and  available  hydrostatic  head 
(see  Figure  B-1).  To  keep  embankment  costs  at  a minimum,  very  little 
dead  storage  would  normally  be  provided.  Hence,  the  drawdowns  necessary 
to  obtain  the  required  usable  storage  are  sometimes  quite  large.  At 
some  sites,  however,  where  it  is  anticipated  that  there  would  be  public 
access  to  the  reservoir,  drawdowns  are  minimized  in  the  Interest  of 
safety  and  aesthetics.  To  do  this,  it  is  necessary  either  to  limit  the 
generating  capacity  of  the  site  or  to  Increase  the  dead  storage. 
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PENSTOCK  SIZE  AND  CHARACTERISTICS 

Penstock  diameter  Is  dependent  on  the  flow  requirements  and  the 
maximum  allowable  velocity.  The  allowable  velocities  are  based  on  eco- 
nomic and  hydraulic  considerations.  On  the  basis  of  preliminary  studies 
lined  tunnels  would  be  more  economical  than  exposed  penstocks.  The  max- 
imum tunnel  diameter  was  set  at  40  feet,  with  multiple  penstocks  being 
used  where  larger  flows  were  required. 

PROCEDURE 

The  pumped-storage  site  inventory  is  based  on  a map  survey.  Pro- 
spective sites  were  located  using  Army  Man  Service  1:250,000  plastic 
relief  maps  and  U.S.  Geological  Survey  topographic  quadrangle  maps. 

From  these  maps  suitable  locations  for  the  upper  and  lower  reservoirs 
were  selected,  penstock  lengths  determined,  and  storage  requirements 
calculated.  Project  costs  were  then  determined,  based  on  individual 
cost  calculations  made  for  the  following  components: 

1,  Physical 

a.  Embankment  (Dams,  Dikes,  Reservoirs) 

b.  Relocations,  Lands,  and  Rights-of-way 

c.  Powerhouse 

d.  Penstock 

2.  Other 

a.  Contingencies 

b.  Engineering  and  Overhead 

c.  Interest  during  Construction 

d.  Operation,  Maintenance,  and  Replacement 

e.  Amortization 

Embankment  costs  include  the  costs  of  earthfilled  dams  and  dikes,  out- 
let works,  and  intake  structures.  Relocation  costs  are  included  in  the 
total  only  when  significant  relocations,  such  as  ma^or  highways,  would 
be  required.  Powerhouse  costs  are  based  on  data  made  available  by  the 
Hydroelectric  Design  Branch  of  the  North  Pacific  Division,  Corps  of 
Engineers.  These  data  were  developed  for  conventional  powerhouses;  how- 
ever, where  geological  conditions  permit,  savings  might  be  realized  by 
using  underground  oowerhouses.  Cost  calculations  made  for  sites  having 
heads  of  more  than  2,000  feet  have  been  adjusted  to  reflect  the  addition 
al  cost  of  units  consisting  of  a separate  pump  and  turbine  connected  to 
a common  motor-generator.  It  was  assumed  that  for  plants  having  heads 
of  greater  than  2,000  feet,  separate  pumping  and  generating  units  would 
be  required.  Penstock  costs  are  based  on  a concrete  lined  power  tunnel 
with  bifurcation  and  a section  of  steel  lining  prior  to  entry  into  the 
turbine.  All  physical  costs  have  been  indexed  to  .lanuarv  1068.  The 
total  investment  cost  was  derived  bv  combining  physical  costs,  contin- 
gencies of  25  percent,  engineering  and  overhead  (including  contract 
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administration,  supervision,  and  inspection)  of  12  percent,  and  interest 
during  construction  of  4-5/8  percent  over  a 4-year  period.  Since  it  was 
apparent  that  there  would  he  many  sites  available  which  could  be  devel- 
oped at  less  than  $150  per  kilowatt,  proiects  having  investment  costs  of 
greater  than  $150  per  kilowatt  were  eliminated  from  further  considera- 
tion. 

In  addition  to  the  investment  costs,  annual  capacity  costs  were 
computed,  which  include  amortization  of  the  investment  costs  over  50 
years  at  4-5/8  percent  interest  and  estimated  operation,  maintenance, 
and  replacement  costs. 

The  resulting  numoed-storage  prolect  costs,  listed  on  Table  IV-3 
are  pure  capacity  costs.  Thev  do  not  include  the  cost  of  pumping  energy 
and  may  not  be  compared  with  alternative  peaking  sources  without  the 
addition  of  a pumping  energy  cost.  That  cost,  however,  is  not  site- 
related.  It  will  be  determined  by  the  part  of  the  peak  load  to  be 
carried  by  the  pumped-storage  project  and  by  the  source  of  the  pumping 
energy.  Furthermore,  in  actual  system  operation,  different  pumped- 
storage  plants  will  probably  operate  at  different  load  factors  and  will 
therefore  have  different  return  energy  requirements.  When  specific  load 
factor  and  energy  value  data  become  available,  the  annual  capacity  costs 
listed  in  Table  IV-3  can  be  used  as  a basis  for  computing  total  annual 
costs  for  the  Individual  projects. 

As  a result  of  the  preliminary  site  selection  studies,  certain  gen- 
eral observations  can  be  made  with  regard  to  the  effect  of  the  various 
site  characteristics  on  capacity  costs.  The  unit  cost  declines  markedly 
as  the  head  increases  as  is  illustrated  by  Figure  B-2.  The  cost  in- 
creases significantly  as  the  distance  between  the  upper  and  lower  pool 
Increases.  This  increase  is  much  more  pronounced  with  low  head  plants 
than  with  high  head  plants  as  is  Illustrated  by  Figure  B-3.  The  rela- 
tionship of  component  costs  to  the  total  investment  cost  is  shown  by 
the  following  table. 


Major  Components 


Percent  of  Investment  Cost 


Pams,  Reservoirs,  4 Relocations  7 
Powerhouse  38 
Penstocks  20 
Contingencies  4 Other*  35 


* Includes  allowances  for  contingencies,  engineering  and  design, 
supervision  and  inspection,  overhead,  and  Interest  during 
construction. 


As  shown  in  the  above  tabulation,  the  powerhouse  and  penstock  costs 
constitute  the  raajorltv  of  the  project  physical  costs.  Since  the  power- 
house unit  costs  are  dependent  largelv  on  head,  it  is  apparent  that  the 
better  sites  would  generally  be  those  having  high  heads  and  relatively 
short  penstocks. 
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Figure  B-3  - Investment  Cast  vs.  ’Penstock  Len 
1,000  MW  Pumped  Storage  Plar.t 


1/  Includes  interest  during  construction  and  contingencies 
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